Studies on the Harlequin Bug. by Paddock, F. B. (Floyd B.)
TEXAS AGRICULTURAL EXPERIMENT STATION 
BULLETIN NO. 227 APRIL, 1918 
- -- 
DIVISION OF HNTOMOLOGY 
STUDIES ON THE HARLEQUIN BUG 
-- 
B. YOUNGBLOOD, DIRECTOR, 
(WLLEGE STATION, BRA ZOS COUNTY. TEXAS. 
AGRICULTURAL AND MECHANICAL COLLEGE OF TEXAS 
W. B. BIZZELL. A. M.. D. C. L.. President 
TEXAS AGRICULTURAL EXPERIMENT STATION 
BOARD OF DIRECTORS ' 
............................................................................... Joan I G u r o ~  Ballinger President T e r m  expires 1919 
L. J .  HART. ~ a r ;  Antonlo. 'vice-president .................................................................. T e r n  expires 191 9 
E H ASTIN Bryan ...................................................................................................... T e r m  expires 1919 
J.'R.' ~ u e e d ~ .  Fayetteville ..................................................................................... T e r m  expires 1921 
A B D A V I D S O N  Cuero ................................................................................................... T e r m  expires 1921 
...................................................................................... W , L ~  A.  MILLEA.  JR.. Amarillo T e r n  expires 1921 
J O H N  T. DICKSON.  Pans  .................................................................................................. T e r n  expires 1923 
H. A. B R E I H A N .  Bartlett ............................................................................................ T e r m  expires 1923 
......................................................................................... F. M. h w ,  Houston  T e r m  expires 1923 
MAIN STATION COMMITTEE 
L. J .  HART, Chairman W.ILL A .  MILLER,  JR. 
GOVERNING BOARD, STATE SUBSTATIONS 
P L DOWNS. Tern  le President ............................................................................... T e r m  expires 1919 
c k a h r e s  ROGAN, l u s h .  vice-President .................................................................... e m  expires 1923 
J .  E. BOOG-SCOTT. Coleman ....................................................................................... T e r n  expires 1923 
W .  A .  JOHNSON.  M e m p h i s  ............................................................................................ T e r m  expires 1918 
*STATION STAFF 
ADMINISTRATION DIVISION OF POULTRY HUSBANDRY 
B YOUNGBLOOD M S Director R .  N .  HARVEY. B. S.. Poultruman i n  Charve 
A' B C O N N E R  6. S' vice Director 
cG. A. F E L ~ E R .  djliej clerk DIVISION OF FORESTRY 
A S W A R E .  Secretar~ E. 0. S I E K E .  M .  F., Forester i n  Charge. 
W. i'. B R I N K ,  B.  S . ,  E~ecut iue  ,Assistant i n  State Forester 
Charge Lr brary and Publccatron DIVISION OF PLANT BREEDING 
EDITH H .  P H I L L I P S .  B .  S.. Technical E.  P. HUMBERT. Ph. D.. Plani Breeder I n  
Assistant Charge 
DIVISION OF VETERINARY SCIENCE 
**M.  FRANCIS,  D. V. S., Veterinarian i n  O F  
Charge W .  A. DOUBT. Dairyman 
H SCHMIDT D V M Veterinarian 
D: H .  B E N ~ E T ;  V: ~. 'b. .  Assistant ****SOIL SURVEY 
Veterrnar~an T .  ti. BENTON, Soil Surueyor 
DIVISION OF CHEMISTRY J .  F .  STROUD. Soil Surueyor 
G .  S. FRAPS,. Ph. D., Chemist i n  Charge; DIVISION OF FEED CON'I'HOL SERVICE., 
State Chemzs t F .  D .  FULLER. M .  S., Chie/ 
T. B .  L E I T H  B. A Assistant Chemist J A M E S  SULLIVAN.  Erecutiue Secretarp 
SCOTT PO WE'LL B.'S Assistant Chenlist J .  H ROGERS Inspector E S E ~ C K .  B .  s.', ~ss:stant Chemist W .  H .  \?roo~,'lnspcctor 
DIVISION O F  HORTICULTURE . S. D. PEARCE, Inspector 
ti N E S S  M S Horticulturist i n  Charge W .  M .  W I C K E S .  Inspector 
M-.. S .  H & T C ; K I ~ S ,  .S.IorticuIt~risf W .  F.  C H R I S T I A N .  Inspector 
DIVISION OF ANIMAL HUSBANDRY J W SNELL,  Inspector 
J .  C .  BURNS.  B..S.,-Antmal Husbandman. J .  J .  KELLY. Inspector 
Feed~ng Inocstrgatlons SUBSTATION NO. 1 :  Beerllle, Bee County 
J. ILI J O N E S .  A. .y.. Animal  Husbandman. I .  E. COWART. M .  S.. Supcrintmdrnt 
Rreed~ng Inuestr a t ~ o n s  SUBSTATION NO. 2: Troup, Smlth C'ounty P. V E W I N G  M .  l., AnimaI Husbandman \ V .  S .  I I ~ T C H K I S S .  Supcrrntendent 
rn Charge kwine  Invest igaf ions SUBSTATION NO. 3: Angleton, Brazoria 
**L. B.  B U R K  B. S.. CoJlaboruti~g Animal  County 
l l u s h n n d ~ a n .  Swine Investiyafions N .  E .  W I N T E R S .  B .  S.. Superintendent 
DIVISION OF ENTORlOLOGY SUBSTATION NO. I :  Beaumont, Je f ferson  
F. 8. PADDOCK. &I. S.. Enfomo~ogisi i n  County 
Charge; Stotc Entomologist M. 11. LAUDE. R S.. Superintendent 
H .  J.  R E I N H A R D ,  B. S.. Assistant E n i d  G P U R V I S ,  Scientific Asscstanf 
rnologrsf SUBSTATION NO. 6 :  Temple, Bell County 
W .  E .  JACKSON. M .  S.. Assistant Ento- D .  T .  I < I L L O U G H .  B S.. Sur~rrtntendent 
mologist SUBSTATION NO. 6 .  Denton. Denton County 
County Apiary Inspectors ' C. H. MCDOWEI-L, R S.. Suprrirrfcndrnt 
R. C.  Abernathy Ladonia  Wi l l iam Atcb- SUBSTATION NO. 7 :  Spur. Ilickens C'ount, 
ley Mathi3.  J 'W E  ish ham Barstow. 13. E. D T C K S O N ,  F3. S . .  .~c~prrirlIrndrnt 
T b ~ u r l A o h  ~ax'ahachie-%'. C COI: SUBSTATION NO. 8: Lubbock, Lubbock 
lier co l iad:  E.'w. Cothran  oxto to;^. G. . .County 
F. bavidson Pleasanton ~ d h n  ~ o n e h a n  R. E.  K A R F E R ,  R. S.. ~ c ~ p e r ~ n t e n d e n t  
Seguin- A. ~ ' ~ r a h a m  ~ i l a n o ;  J E3 King: DONALD J O N E S ,  Scientijic Assistant 
~ a t e s v i l l e -  N. G. ~ e d e a r  w a r ; .  'R A SUBSTATION NO. 9: Pecoa, Reeves Count, 
Little. ~ e h r s a l l ;  .S. I-!. ~t&,hens .  'Uva'lde; J W .  JACKSON.  R .  S. ,  S~~prr in frndrnt  
M .  B. Tal ly .  Vlctorla: R. E. Watson .  SUBSTATION NO. 10: (Feeding and Breeding 
Heidenl~eimer; F C .  Belt .  Yale ta;  R .  A. . Subatation), College Slation, . Brazue 
Nestor. Buf fa lo:  J .  E.  B u s h ,  San An- County 
tonio; 13. A. Jones, Oakdale; T .  11. E .  R. SPENCE,  B. S., Animal  Wirshondman 
Bowdon, Palestine; E. R .  Jones. Bee- i n  Charge of Farm. 
vl l lr G C .  M'ARE. Scientific Assistant 
3IVISION OF AGRONOMY SUBSTATION NO. 11 :. Nacogdoch~s ,  Nacog- 
A. R .  CONNER.  B. S.. Agrpnomist i n  Charpc doches County 
A. H .  L E J D I G H .  R. S.. Agronom!st G. T .  M c N x s s .  Superintendent 
*a*H H .  JOBSON R .  S.  Agronornrsf SUBSTATION NO. 12: Chillicothe. Harde- 
L ~ U I S  M'ERH<LSKIRC)HFN. B .  S.. Agronomist man County 
DIVISION OF PLANT PATHOLOGY AND ****A. F3. CRON. H.  S., ~ u ~ ; r i n t e n d e n t  
PHYSIOLOGY V .  E. H A F N E R ,  R. S.. Scientific Assistant 
1. J .  TAUHENHAUS. Ph. D.. Plant Paihnlo- SUBSTATION NO. 14, Sonora, S u ~ t o n  County 
~ i s t  and Physiologist i n  Charoe E. M .  PETERS. B S., Acting Si~perrntenderlt 
CLERICAL ASSISTANTS 
DAISY LEE, R~ois t ra f ion  Clerk M A E  BELLE E V A N S ,  Stenographer R m a  LORD. Stenographer 
C .  L. DURST. Mailin0 Clerk I R E N E  PEVERLEY. C o p ~ i s f  E M M A  CAMPBELL. Stenographer 
R C F R A N K S  Stenographer RUTFI CAMPBELL, Stenographer H .  L. FRAZIER.  Stenographer 
W .  L. H E A R N :  Stenographer MARGARET SHELDON. S t e n o g r a p h ~ ~  
CONTEXTS 
PAGE 
................................................ 1ntrod.uction '7 
..................................................... History 7 
...................................... . . . . . . . . . .  Di~tribution - 10 
................................................. Dispersion 13 
............................................. Scientific name 1% 
............................................... Allied species 15 
............................................... Common name 16  
....................................... Econolilie importance 16 
Food plants ............................................... 16 
Nethods of study ............................................ 13 
............................................... Life history 30 
.................................................. Eggs 19 
Hatching .............................................. 19 
...................................... Incubation period 20 
Spring brood ........................................ 20 
Summer brood ..................................... 22 
Fall brood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
............ .................................. Nymphs : 27 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Number of moults 27' 
......................... Spring brood . . . . . . . . .  ; 27 
.................................. Summer brood 28 
Fall brood ..................................... 29 
....................... Duration of period of rnaturitty 30 
Spring brood .................. : ................. 30 
................................. Summer brood 33 
Fall broad ..................................... 3.3 
.................................................. Adults 33 
..................................... Duration of life 34- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'Proportion of sexes 36 
..................................... Daration of life cycle 3'7 
................................... Overwintering brood 3'7 
....................................... Spring brood 3'7 
..................................... Summer brood 37 
................................... Number of generations 3Y 
........................................... Feeding habits 39 
................................... , Temperature influence 40 
PAGE 
Location of food . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  4 i  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Adaptive capacity 42 
Reproduction ............................................ 42 
.......................................... Copulation 42 
................. Period between maturity and copulation 42 
............................................ Fertility 44 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oviposition 44 
........................ Age at beginning of oviposition 44 
. . . . . . . . . . . . . . .  Period between copulation and ovipdsition 46 
................................. Period of oviposition 46 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rate of oviposition 45 
Protection ............................................. 51 
............................................ Hibernation 52 
Entrance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
..................................... Stages entering 52 
. . . . . . . . . . . . . . . . . . . . . . .  Congregation before hibernation 53 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mortality 53 
Duration ........................................... 53 
Shelter ............................................. 54 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mortality 55 
Emergence ......................................... 53 
....................................... Rehibernation 56 
First food . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
.............................................. Natural control 56 
Climate .................... ; . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
............................................... Parasites 57 
Enemies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Artificial control 57 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fall destruction ........... : 57 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Winter treatment 58 
....................................... Spring treatment 58 
Clean culture ........................................... 58 
Trap crops ............................................. 58 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Remedial measures 59 
a Hand picking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
.............................. . . . . . . . . . . . . . . . .  Spraying 59 
Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
Literature cited ............................................. 60 
Bibliography ................................................ 61 
J i '  i !  




. . . . . . . . . . . . . . . . . . . . . . . .  Types of life history rearing cages. IS  
............................................ Cage shelter 20 
.......................................... Large field cage 22 
........................ Cages usecl in hibernation studies.. 24 
(a) Eggs of harlequin bug; ( b )  young newly hatched ; (c) 
............................... color variation of broods. 26 
Page 
Geograpllical clistribution of the harlequin bug in North America 9 
Distribution of the harlequin bug in Texas.. ................ 11 
Chronological distribution of the harlequin bug in the United 
States ............................................... 12 
Generation ser'ies studies.. ................................ 35 
[Blank Page in Original Bulletin] 
ETIN NO. 227 , APRIL, 1918 
STUDIES O N  
THE HARLEQUIN BUG 





w s t  
Ylmost every one in Texas who grows m y  garden is  familiar with the 
ect known as the harlequin bug, often referred to as the fire bug, 
pin bug, and calico back. 'Phis insect seems to be present in 
st eveq home garden and truck field in the State in  which any 
ferous plants are grown. And, when present, i t  is such a serious 
that it is dreaded by those who know it. The climatic condi- 
iions of the State are favorable for the development of this insect. The . 
mild winters result in a low mortality of the hibernating bugs. Since 
this insect is practically free from the attacks of the predaceous enemies 
- - A  parasites: the control of its depends entirely upon the grower's 
.I. 
Le studies here recorded on the harlequin bug were started in the 
g of 191.5 by the writer. During the summer of 1916, cage notes 
were taken by 0. X. Courtney, then Assistant Entom~ologist. Much credit 
is due H. J. Reinhard, Assistant Entomologist, for his painstaking work 
with the cage experim~nts while this project was in progress, and grate- 





is insect was first described by Hahn(1) in  1834 from material 
collected in PI4exic0, which material a t  that time was in his private col- 
lection in Germany. I n  spite of the fact that this species was first 
taken into Mexico, there seems to he some doubt that this country was 
the original home of this in~ect.  In view of the fact that the remain- 
pecies of the genus are found in Central and South America and 
later ezplorations show histrionics to be well distributed in these 
tries, i t  is safe to conclude'that central America was the original 
lI",llt: of the hal-leguin hug, ilfzlrgnntin histrionics, Hahn. The next 
mention of this species was in 1S51, when it  was listed by Dallas(2) in 
his "List of Herniptera," then found in  the British Museum. He re- 
ported Pour specimens, three of which were from Mexico, and the lo- 
cality of the fourth mas not given. 
The occurrenw of this insect in the .TJnited States was mentioned 
for the first time by Benj. D. Walsh(3) in I866 in  an article in "The 
Practical Entomologist," which incorporates the description of the in- 
jury of the insect by Dr. CTideon Lincecvm, of Washington county, 
Texas. This accurate early account is herewith produced: 
"The year before last they got into my garden, and utterly de- 
stroyed my cabbagee: radishes, mustard, seecl turnips, and every 
other cruciform plant. Last year T did not set anv of that orc!c$r 
of plants in  my garden. But the present yea?; thinking the bu,cs 
Iinc7 probably left the premises, I pl~lntecl mv garden vi th  radishes, 
mustard, and a vsriety of cabbages. By the first of April the 
mustard and radishes were large enouqh for we. and I discov~rcrl 
that the in~ects  had commenced on theni. I becan picldng thwn 
off by hand and, tramp in^ them under foot. Rv that means I 
have preservecl mv 434 cabbaqe~, hut I have visited everv one of 
them dailv now for four months, finding on them from thirty-five 
to sixty fnll ,grown insepts every clap, some coupled and some in 
the act of depositing their eggs. Although many have been hatchecl 
in t5e garden the present season, I have suffered none to come to 
maturity J and the daily supplies of grown inseects that I have been 
blessed with aye immigrants from some other garden. 
"The perfect insect lives through the winter, and is ready to 
deposit its eggs as. early Re the 15th of March, or sooner, if i t  finde 
any cruciform plznt Iarqe enoqh .  They set their eggs end to end 
in two TOWS. cemented together, mostlr on the underside of the 
leaf and yenerallv from eleren to twelve in number. I n  about six 
days i n  April-four days in July--there hatches out from these 
eggs. a brood of larvae resembling the perfect insect, except in  hav- 
ing no wings. This brood immediately begins the work of de- 
struction' by piercing and ~ncklng the life-sap from the leaves; ancl 
in tvelve days they have matured. They are timid, and will run 
off and hide behind the first leaf stem, or any part of the plant 
that mill answer the purpoye. The leaf that they puncture imme- 
diately wilts, like the effects of poison and soon withers. Half a 
dozen g r o m  insect3 will kill a cabbage in a clav. They continue 
thronqh the cummer, and sufficient perfect. inserts survive the win- 
ter to insure a full crop of them for the coming season. 
"This tribe of insects do not seen? liable to the attacks of any 
of the cannibat raceg, either in the cgq state or a t  anv other stage. 
Our birds pay no attention to them. neither will the domestic 
fowls touch them. I have as yet found no way to get clear of 
them, but to pick them off by hand." - 
I n  his article, Walsh speaks of this insect as occurring in Texas an2 
Louisiana. 
The year 1864 is assumed as the date of the iiitroduction of this 
species into the TJnitec1 States. This date, however, is the first record 
of the insect as a pest, a t  3 point so'nle distance from the Mexican 
border. The Mexican cotton boll weevil, even with its rapid sp~ezcl 
wae six years in  getting as far from the hIesican border as the first 
locality given for the 112rlcquin hug. F~xrthermore, the reco~ads m:tde 
in 1864 in Washington county indicate that the pest had been present 
in  that locality in  vast numbers for some time. It was six yeam later 
before mention was made of this insect a t  Austin, in Travis county, 
eighty-five miles west of the first reported locality and no farther from 
the Mexican border. From this, i t  would seem that this pest crossccl 
the border several yearn previous to 1864. 
' 
Jn January, 1870, (7. V. Riley in "The American Entomologist"(4) 
recorded the presence of this insect from Salisbury, North Carolina, 
ancl said: "It seems to  be as great a pest in the gardens of that state 
as Dr. Lincecum describes is to be in Texas." In  March of the same 
year, J. S. Stelle(5), of Tennessee, i n  the same publication recorded 
the date of occnrrencz of this i n~ec t  in Georgia, Alabama and Missis- 
sippi, and pq8TTe a vivid account of the progress of the pest northward 
tlirough these states into Tennessee. 
In the following gear Stal(7) listed this species in the present genus 
in his "Enumeratio Hemipterorum." The specimens were present in 
the museum at Stockholm, and the distribution was given as "Mexico, 
Texas and Louisiana." . 
Kiley(8) again mote on this insect in 1872 in his "Fourth Report." 
He said that prior to a870 this specie! mas not present in Missouri, but 
in  the two years previous to his writing the harlequin bug had been 
fonnd in some of the ~onthern counties of that state, and in Kansas it 
had been found as far north as the latitude of St. Louis. He said that 
"this species now extends as far south as Guatemala." 
I n  1880, Godman and Salvin(l0) discussed this species, carefully, 
giving synonyms, bibliography, distribution to date and, briefly, the 
main points of life history. The distribution included Arizona, Cali- 
fornia*, Colorado,' Delaware, Florida, Indian Territory, Louisiana and 
Texas; Oasaca, Mexico; Capetillo, nuenas, Pun~la ,  San Geronimo, 
Guatemala; and Costa Rica. I n  the same year Lintner(l1) told of the 
presence of this insect in Virginia. Tn his paper he warned the vege- 
table growers of New York to acquaint themselves of the a.ppearancc of 
this insect, so that they would he able to combat the pest when it ar- 
rived in that State. He expressed confidence that the pest would 
eventually reach New York, and finally spreacl ovey the entire state. 
DISTR,IRUTION 
The pear following the first report of this insect in Texas, it mas 
reported fmrn Louisiana by Walsh(3), although no localities mere 
given by him. In  the fall of 1867. Rilev(4) reported the presence of 
this insect in Salisburv, N. (1. Stelle(5) says that in IS67 this insect 
was fonnd in the Carolinas near the Coast J 2 t  Macon, Georgia; Tusca- 
Iooea, Alabama, ancl Columbus, Mississippi. I n  the fall of the follow- 
ing year he saps that the fall brood appeared along the northern boun- 
dary line of Mississippi and Alabama. I n  1869, Stelle recorded the 
occurrence of the harlequin bug a t  Humboldt and Nashville, Tennessee. 
Riley(8) tells of the pretence of this insect in 1870 in  the soufhern 
counties of Missouri and in Kansas as far north as the latitude of St. 
Louis. 
Uhler (9) in his exploration trips through the western territories 
found this insect in the Indian Territory, Arizona, California, Nevada, 
and Cdorado. Tn another paper Uhler said: "Its introduction has been 
effected since the late war (Civil War) ancl. now (3375) it is known as 
far north as the vicinity of ~ennsj-lvania hoimdary line in Delaware." 
By 1876 this insect was quite common in the Ohio counties adjoining 
the river. Specimens were sent to Lintner from Ivy Depot, Virginia, 
on September 24, 1880, hut did n ~ t ,  become abundant enough to cause 
extensive destn~ction of crops until 1894. 
I n  lSS9 this species was recarded at  Las Vegas, N. 34., where it 
was said to have existed "from the time immemorial." The first record 
of this insect in Trriliflna cRme in 1890. I n  New York it was not until 
1894 that this insect attracted attention of the grovTers in the southern 
part of the state, but i t  was not until 1910 that isolated specimens mere 
found as far  north as Owego, on Lake Erie. According to Webster 
this insect a t  one time reached as far north as Chicago, Ill., and almost 
to the shore of Lake Erie in Ohio. . I n  1910 specimens were also taken 
a t  Meridian, Conn., and in 1012 isolated specimens were again taken 
close to the shore of Lake Erie, after an absence in this locality of 
many years. 
It is to be regretted that all of these early dates given do not repre- 
sent the first appearance of the insect in the state. I n  fact, most of 
the early references are to the insect: as a serious pest doing great dam- 
age. Every effort has been made to secure the exact .date of the first 
appearance of this species in  a state. 
Fig. 2-Distribution of the harlequin bug in Texas. (Original) 
An idea of the distribution of the harleqnin bug can be had by ref- 
erence to figure 1. I n  this no attempt has been made to  show every 
locality in the United States where i t  1s to be found at  present. I t  
will be ohsenled that this species has been found over a range of from 
10" to 43" 38' N. latitude. The most southern locality was recorded 
in 1880, a t  which time the most northern place attained was 38' N. 
latitude. 
The harlequin bug is now reported from the following states: Ala- 
bania, Arizona, Arkansas, California, Colorado, Connecticut, Delaware, 
Geqr~ia, Florida, Indiann, Kansas, Kentuekv, Louisiana, Maryland, 
Mi$rissippi, Missouri, Nevada, New Jerrey, New York, New Mexico. 
North Carolina, Ohio, Oklahoma, Pennsylvania, South Carolina, Ten- 
nessee, Virginia, and Texas. 
Figure 2 gives the distribution of the insect in Texas as indicated 
by reports of injury that have come to hancl. While the reports _?re 
most numerous from the enstern or humid section, i t  is evident that i r l  
this state the distribution of the pest is governed ohly by the diitrihn- 
tion of its fond plants. 
From the rather incomplete records available i t  is po~sible to trace 
the general spread of this inwct over the United States. Refe~ence to 
ii@~re 3, a msp of the chronolog-ical disti*ibution, will show bow cliffi- 
cult i t  is to' attempt to determine the exact lines, of travel. The fact. 
of incomplete earlv records will account for the apparent rapid spread 
in those times. During the more recent years the spread northmard 
has been steady and qnite consi~.tent. It is hard to explain the spread 
Fig. 3.-Chronolog~cal distribution of the harlequin bug in United States. (Original) 
satisfactorily by what some writers tern  "commercial jumps." Such a 
spread is not wholly borne out by the facts of the life history; even 
though it might be accomplished. Stelle(4) as early as 18'70 gave a 
very good account of the gradual north~rarcl spread of this insect. Re 
sl2iil in 1867 i t  was precent as far  north as Ti~scaloosa, Alabama, and 
Colurnbu~, Missisiippi. The fall brood of 1868 appeared along the 
Tennessee line. The nest  year both broods were al~unclant at  this latitude 
and in  the following year appeared :IS far north as Humboldt and Nash- 
ville, Tennessee. Between 1868 and 1869 the species spread northward 
for 50 miles. 
'rho harlequin b17.y originated in the tropical life zone and no doubt 
came into the United States throrxqh that zone, which extends into 
Texas for a very short distance. I t s  early appearance in  California 
and Arizona can be explained from the projection between these states 
for a very short distance of this zone from Lower California and Mexico. 
The spread jn California was very slow, however, for as late as 1889 
it w ~ s  reported from only three counties. It has been supposed that 
this insect spread first over the lower aunstral zone. We find, however, 
earlv mention (1870) of its presence in  Kansas in the upper austral 
zcne, and as early as '3875 i t  was reported from Denver, Colorado; in 
the transition zone. The first reports from Mississippi, Alabama, and 
South Cai.olina in 1867 were from the lower austral zone. The report 
of the Fame year from Georgia came from the upper austral zone, and 
the 1ocalit.y In N o ~ t h  Carolina .for the same year mas in the upper 
austral zone a t  the edge of the transition zone. The spread northward 
in 3fississippi was throng11 the lower austral zone, and in 1869 speci- 
mens were taken from Louisville, Kentucky, in the upper austral zone. 
From that time, the spread was rapid along the Atlantic seaboard, 
following the line of the upper austral zone. This epread was sepa- 
rated from a much slower spread in the Ohio valley region by a pro- 
jection southn~ard by the transition and boreal zones. This insect ap- 
peared ei~rlv in the Ohio counties bordering on the river, but the spread 
northu-ard T I T ~ S  very s10n-. For a time it  fippeared ae though the in~ec t  
had stoppec! along the line of division between the glaciated and nn- 
glaciated sections of the  count^. It was foui.teen years later before a 
single specimen was found in the glaciated area, this being in Indiana. 
This insect was found in the three northernmost localities in 1910. I n  
Connecticut the locality vas  in the transition zone; in  New York, in 
the transition zone, a t  the uer7 edge. of the boreal zone; in Ohio, in the 
transition zone. This insect has not become permanently established as 
far north in Xeem York as isolated collections would indicate. It is, 
honrever, gradually working north~vard, o~ercoming the climatic limi- 
tations. 
The effect of temperature upon the spread of an insect of tropical 
origin has adl~aps been nn interesting subject. Today we are some- 
v h a t  inclined to disregard this problem, but a study of this insect shows 
that clin~ate has been a very important factor in its spread. The ear!? 
mimiters gqve considerable study to the effects of climate upon a probable 
spread of this insect: 
Stelle(5) said in 1870 : 
"So f ~ r ,  the change of climate does not seem to have affected 
this insect in the least,-it was as destructive and numerous along 
the southern line of Tennessee last summer as it had been previ- 
ously at  any point further south. A careful study of its cha~ac- 
ter has  warrantea me in predicting that it will scarbely stop ~ h o r t  
of the Great Lakes." 
In  1882 bintner( l0)  said that since the species is a pest at 
Denver, Colorado, i t  "is cap~ble  of suetgining itself even north of 
the isothermal line of 40" Fahr. Allowing it this range will ad- 
mit of its f u h ~ r e  extension into the western states, a t  least over 
the southern portion of Minnesota and Wisconsin, and eastward, 
entirely over the dates ,of New Yorlc and Vermont, the southern 
portions of New Haanphire ancl Maine, a large portion of the 
province of Quebec. This extension, we believe, will be only a 
question of time, for its progressive march seeins to be steady." 
Contrary to these early predictions of the northward travel of this 
insect, since IS80 the .~pread  has been slow, and extremely cold 
winters have had a decided effect in  preventing its spread. 
I n  December, 1.899, Wehster (12) said : 
"The harlequin cabbage bug, Jfu~gant ia  ABtrionica, has certainly 
sustained a severe repulse lo? the low temperature of last winter. 
While the insect was observed in southern Ohio last May, its al- 
most entire absence has been reported in localities where "fast yea* 
it was  disastrous^ abundant. From this i t  mould appear that only 
the most hardy or best protected individuals havet survived in Ohio, 
and we may now look for i t  to attempt again to push its way 
northward until i t  is once more driven back by adverse metco'rolog- 
ical conditions." 
Again in 1901(13) he said : "The harlequin cabbage bug, which 
was exterminated by the severe winter a few years ago, has begun its 
nor+h.ward spread again, and has been reported as destructive at  points 
along the Ohic! river." The insect was exterminated the same year in 
Maryland and Delaware and was not found in  that territory aqain, eren 
in the isolated colonieq, until 1908. ,4t this latitnde the insect is a 
pest of cultivated crops onlv after a Trerr mild winter. Even now i t  
mav be found late in the fall on some n~ilcl food plants. 
Sanderson(l4) considers the harlequin bag as one of the insects 
whose distribution is considered as more or less controlled by minimum 
temperature. He  says: "The northern limit of this species f o l l o ~ ~ s  
the average annual-minimum isotherm of 0" G. much more closely than 
the upper austral zone. It, mav pet migrate to northern Ohio ana On- 
tario, but further progress seems douhtful." 
Ilahn f 1) in 1834 descrihed the harlequin bug as Strachia histrion.icn, 
a genus which has been established for several yearB. I n  1851 Dallcs 
(2) listecl this species without any change, although he did revise and 
establish synonyms for other species. The fir4 reference to this species 
in ,4merican literature was by IVr!sh(S), when he placed the insect in 
the family Rcutelleridna of the: order Hcfe~optem.  Follciwing in 1879, 
Riley(4) called the harlequin bug Strnchia histrionics, as did Stelle 
(5) in another refmence to the species in the same year. 
I n  1SG7 Stal erected the <genus ilf?lr,pntiu aad in his worl< (7) in 
18'71 he plwed this genus in the sub-famiIy Pe~tatomina, also erected 
by him, and in the falnilv Cimicinn erected by him, in a section ealle6 
"Ennmeratoio Cimicinon~m Americae." IJe placed histrionice, Hahn, 
as the only example of a division of the genus, (%a. Antennis brevibus; 
:e mnrgineum azlticzim punctis ahsileiis seriopositis instruct0 
be ioso cnllo.co, e7ek:alo; corpore s?ihtus migro, maculis alhidis e t  
crocei.9 in series di~posi t io ornata." 
Evidently the vork of Stal was received promptly i n  the United 
States, for I<jley(X) in 18'72 gave the scientific name as. Strachia 
(~llurganfia) histnonica, Hahn. The name, M. l~ is t r ionica~ Hahn, h~ 
been accepted by all writers since that time. Lintaer(l1) in 1882 
placed this insect in the family Cynrzidne of the sub-order Heteraptera. 
Later i t  was placed in the family Pentatomidae, where it now stands. 
ALLIED SPECIES 
Stal in his work in 1867 listed a species 31. rnunda Darlas, which was 
named by Dallas in his worlc in 1851. Stal places manda  in  another 
division of the genus Afz!rgantin, characterized in  distinctions as fol- 
lows: "a, Antennis :ongis; thorace propemargineunz anticum p n c -  
tato, hoc margine land zqei vi t  elevaio; corpore subtus flavescute, maculk 
7nfo~7;bus cnerleis veI cislaceis." This species is listed from Mexico 
)lumbia. 
l,Llry(8) in 1872 said: 
"Jt (the harlequin bug) varies very much, as most species are 
found to do when their geographical distribution is studied. As 
it extends southward we find the (lark colors predominating and 
becoming morc intensified ancl Inrilliant, ancl clesc~ibed a spe~ies 
(Jlurgantia munda)  from Mexico, which is doubtless but a geo- 
graphical rzce: since all the ir~te~mediate grailes ccelxr between it 
and the more northern form of ki,ctr;onica. IIp friend, P. R. UhIer, 
s made wme interestins esperirnent~, on the species, which have 
laiaIy pro'rcn that when reared in the dark the pale red parts 
erlominate; ~~rhi le  if reared in the bright daylight, the dark blue 
,,lors predominate." 
On this same nlattcr D i s t ~ n t ( l 0 )  in  1880 quoted further from LQler 
as follotvs: "Several of the links in the chain of varieties between this 
species histrionicn and M. munda have alreacly been found, and we may 
expect hereafter to see the tvo  species united as mere forms of one." 
Speaking further, Dictant said: 'We ourselves, Iiowever, have seen 
nothing as pet to warrant such a probabilitv. The specimen figure is 
from Guatemala, and, excepting slight vgriations, is the dominate form 
in Central America. I-Iahn'e figure would seem to' represent a meIanic 
and (judging from mv own experience) scarce form of this species." 
Nohvith~tanding these opinions, we find that in 1891, in "Insed 
Life," we have recc-ivecl specimens fr~rn~cal i fornia ,  which are probably 
Ifurganfia mwztda. Since the time of Uliler's quotation there has been 
no reference to mun~ci  and i t  is cluite possible that later studies have 
convinced entomologists that there mas insufficient reason for maintain- 
ing two species, regardless of the fact that Stal considered them ana- 
tomically separated. Any extended etudy of this species will reveal that 
the color variation is very considerable grid is not constant. I n  addi- 
tion, there is a seasonal variation; the fil l  brood is much darker thao 
the spring and summer broods. 
Riley (8) mentions the presence jn Europe of Jlurgan tia (Strac7iia 
opnata Linn, a species "which bears a ~trilting resemblance to our in- 
sect in color and ornamentation, and which, as I n-as assured by &I. E. 
Mulsant, of Lyons, France, has the light parts red in spring and yellow 
in autumn." This insect is a serious pest of cabb~age. 
COMMON NAME 
I n  1866 Walsh(3) wrote of the insect as the Texas cabbage bug. I n  
1870 IZiley(4) said: "Rithe~to it  had been genera!ly supposed by en- 
tomologists that the harlequin cabbage bug was confined to the most 
soulherly of the southern states, such as Texas and Louisiana, and it 
has been called by son:e 'The Texas cabbage hug,' " instead of translst- 
ing the scientific name and calling i t  as me have done, the "harlequin 
cabbage bug." This so-called translation seems a little arbitraq, al- 
though the word hnrleqnin (gag colo'red) describes the insect very well. 
1-Ii.i.trionica is undottbtedly clerived from Izistrio, meaning actor. Of 
late years there has been a tendency to say merely harlequin bug, as 
the insect attacks a wide variety of plants and its chief injury is not 
always to cabbage. Especially is this true in Texas where winter crops 
of coll~rds, mustard, and turnips are often destroyed by this insect. 
It is known locally as the ccllard bug, terrapin Bug, calico bug and 
fire bug. 
ECONOhlIIC IBIPORTANCE 
&Tost of the early writers did not fail to impress on the?r readers the 
great destruction accomplished by this insect. The original discussion 
by Dr. Lincecum mentions the ''utter destruction of cabbage, radish, 
mustard and turnip,-finding from 35 to 60 full grown insects on 
every, plant." Riley in ISYO said that in North Carolina i t  seemed 
to be -as great a pest ns in Texas. Ancl he quoted from B. R. Town- 
send, Austin, Texas, "Within a few clays he hacl g~thered, bp hand, 
47,000 bugs." Stelle in 1870 said : "Last year i t  worked wholesale 
destruction." bintner said in 1881 : "This insect entirely destroyed 
the cabbage crop in fl sectioc in Virginia. Its distribution over the 
northern portion of the United States cannot but operate as a serious 
check upon the culture of cabbage." Between 1892 and 1893 this in- 
sect was a very destn~ctive one in cabbage fields in Delaware. 
I n  Tesas where the mild winters do not serve as a substantial check, 
this pest causes mnch damage evei-y pear to all of its cultivated host 
plants. I n  most sections the home gardens suffer severely from the 
attacks of the insect, and in truck regions unlimited damage is done. 
FOOD PLANTS 
From the name commonly applied to this insect i t  might be infenecl 
thot cabbage was a primary food plant. The harlequin bug, however, 
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s upon many members of the Crucifeme family, not only ihe culti- 
d but some of the wild species. As the insect advanced northward, 
,as always feared as a cabbage pest, fo'r in new territory its vork 
seemed to have been most apparent on this hdst. Even now in the 
northern section of its ranqe, this insect docs most damage to cabhnqe. 
Throughout the Soxth it is-ver;v destn~ctive to winter truck crops of 
turvins. mustard, and collards. The feeding of the harlequin bug is 
~nfincd to the Cnrcifcra4 but i t  has a wide range of host plants. 
? following plants have been observed to serve as food plants, for 
trleqnin bug in l'exas : 4 mamnf hus spinosis, cabbage, cauliflower, 
LILI CLb (orange, grape fruit and loquet), collards, corn, cotton, egg plant, 
grapes (cultivated), kale, kohlrabi, lettuce (cultivated), mustard, nas- 
turtinms, okra, cornpens, pepper grass (Lepedim), rag weed (Ambrosin 
sp.), rape, rock cress (Arabis Zudaviciana Hork), rutabaga, and squash. 
Amamn thus spinosis serves as a hod of this insect in July at  a time 
when there are almost no succulent plants in this vicinity. Cabbage 
is attacked at any time that i t  is available in the fields, which is also 
true of cauliflower. The feeding on citrus is largely confined to the 
fall; the very ripe fruits. are attacked, especially if the skin is broken. 
Collards are wbject to attack during the fall, winter and earlp spring; 
this plant often selves as a winter host of the insect. I n  July the in- 
sects mere verv numerous on corn, all stages and eggs being observed on 
this plant. Cotton is attaclced dl~ring August and September at  a time 
when few vegetables are succulent. The hugs pierce the medium-sized 
bolls. which does not seem to prevent the latter from opening. l3gg 
plant is seldom attacked, hut a11 stages of the insect have been taken 
upon this plant. Grapes seein to be attacked only after the favorite 
food plants have been destroyed in June. K ~ l e  is pot preferred anll is 
attacked in the late sprin? only ~ f t t ? ~  mustard and collards are no 
longer available. Icohlrabi is not readily attacked and for that reason 
the plants are seldom entirely destroyed. Lettuce is attacked in  the 
spring only after the F~T-orite food plants have been destroyed. Mustard 
is readily attacked, especially in the spring. Only one instance is 
recorded of the cabbage bug feeding on nasturti.~ms and this was after 
turnips in an adjoining patch had heen destroyed. Okra serves for feed 
-only at times during the summer; egg: have not been found on this 
host. Throughout the month of July the harlequin bug feed, Q on cow- 
peas. Eggs are also deposited on this host. Pepper grass was observed 
to serve as a host in llarch, at  which time cabbage was also available 
in the same garden. The insects seemed to prefer this host to all others 
at thak time. Radishes are attacked any time they are available and 
the crop is readily rlec;troycd. Rape serves tis a food plant only after 
the favorite food plants are destroyed. In the early spring the cabbage 
bug is observed feeding on the rock cress, although only for a limited 
period, and no eggs wer6 found on this host. 
Rutabaga turnips are not readily attacked, except in  the absence of 1 a favorite host. I n  the early fall the b1ugs have been found feeding on 
squash but no eggs hare been found deposited on this plant. Turnips 
:are readily attacked at  any time. 
I n  addition to the host plants listed above for Texas, Garman Eayg 
wild mustard serves as ti host in the early spring. Webster reports the 
cabbage hug feeding on horse radish. Chittenden records asparagus, 
potatoes, tomatoes, beans and bects as plants that may be attacked, 
Damage may also be done to roses, sunflowers and chrysanthemums. 
Cherry and plum have served as food fdr the bugs. Pig weed (Ama- 
ran thus sp. ) , wild lettuce ( Lactzlca conadensis), and lamb's . quarter 
(Chenopodi.um sp.) serve as food plants for the harlequin bug. It is 
also possible for this insect to breed on any of these weeds. 
METHOD8 O F  STUDY 
For the purpose of observing the details of the life history of the 
harlequin bu,q. specimens were isolated in cages. The type of cage first 
used in  this work is shown in plate 1, (a) a lantern globe with a cover 
of cheese cloth. I n  this cage, fresh food was placed daily, which usually 
consisted of gollard lesves or cabbage leares, taken from the grominq 
plants in the field when possible. This nethod of supplying fresh food 
to the bugs required the transferal of them each day on to the fresh 
food. During the summer season, the food would nok remain in good 
. condition as long as twenty-four hours. For this reason, the use of this 
type of cage was not wholly satisfactory. Later, a new type of cage, 
plate 1 (b), waas adopted for the life history studies. This cage con- 
sisted of a large street lamp globe No. 3. On the bottom of this is a 
tight collar made of a tvo-inch sttrip of brass screening; the top is 
made of similar material. This Cage allonrs a free circulation of a i r  
over the food .material, which keeps it  in good condition for a consider- 
able pericd of time. To avoid the transferal of the bugs each day, grow- 
ing plants in eight-inch pots were ueed. These plants were usually 
collard, although some cab'baye plants were used. The larger leaves 
were trimmed off so that the plant would fit well into the cage. The 
plants were kept in excellent condition and usually a single plant served 
to mature a generation of bugs. The hatching zgg masees were placed 
on these plants and the bugs mere observed throughout the duration of 
their lives. By daily observations it  was very easy to determine ths 
moults of the immature hugs and the daily egg deposition of tlie matnrc 
bugs. All of the cages mere kept in the sheltc- qhown in plate 2. 
For seasonal history observations two t-ypes 01 cages mere used. The  
large cage shown in plate 3 is 4 feet by 6 feet by G feet, covered with 
wire screening, and built so as to be taken apart in  sections. The cage 
was placed over several kinds of plants to determine the preference, if 
an;y, of the hosts d u r i ~ g  the year .  A~lother cage of the same type was 
used for general hibernation studies. ?'he caqes s h o ~ m  in plate 4 were 
used for ~pecial field observations of the life history, particularly hiber- 
nation studies. The woods shown in the distance served as natural 
hiberating quarters for the harlequin bug. This allowed extensive. notes 
to be made under aetnal field* collditions to serve as a check on the 
cage notes. 
(a) (b) 
Plate 1.-(a) Type of rearing cage first used; (b) type of cage adopted for all life history experiments. 
(Origina 1) 
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STUDIES ow THE HARI,XQUIN BUG. 
'LIFE HISTORY 
The life history of the harlequin b ~ i g  has Seen mentioned b;y a num- 
he11 of the earIy wrifers in a more or less indefinite way. Dr. Lincecum 
in his early account of t h i ~  insect gives several verv interesting obser- 
vations, such as the number of broods, the hibernation, and the length 
of the egg stage. Most writers have quoted these observations and added 
a few local notes, in an effort to outline the details of the life history. 
. 
Among the more recent publications are the papers by Smith that give 
the results of his experiments, which consist of the detailed observa- 
tions of the life history of' the incect. 
In our work we have arbitrarily set dates which have assumed the 
natural divisions of the broods during the year. There is, of course, 
a very considerable overlappicg of the broods during the year, but de- 
tailecl cage studies have enahled us to arrive at  the actual number of 
broods during the year. We designate the Spring brood as those in- 
sects that develop from eggs hatched before June 1 ; the Summer brood, 
those insects ~ h i c h  develop from eggs hatched from June 1 to August 
15; the Fall and over-wintering brood, those insects hatching from e g p  
deposited from August 15 to October 15. Most observations have shown 
that eggs deposited after September 15 will not always develop into 
mature bugs, which :Ire the only ones that can successfully pass the 
minter. 
EGGS 
The egg is cylindrical and rounded on both ends. When first de- 
posited, the eggs are a light green in color but soon become white with 
black markings. Running around the egg are two black bands, the 
one near the top being about tmice as wide as the one near the bottom. 
Jus t  ablove the lover band is one black s p t .  On the top end of the 
egg is a black crescent which borders a slightly depressed lid. This 
crescent extends half around the lid, being always on the outer side of 
thc egg mass. There are no markings on the lower end of the egg 
which is much rounded, whereas the top is much flattened. When first 
deposited the eggs are covered with a glue which fastens the egg to the 
leaf and to the adjoining eggs. After clrying the eggs are very hard 
and the dry mass can be loosened from the leaf, but i t  is very difficult 
to eepaatc tile individual eggs. The average size of the eggs is 7'5 
mm. long and 1.25 mm. wida Plate 5, (a)  ~hows an egg mass of the ' 
harlequin bug. 
HATCHING 
The process of Imtching attracted attention of the investigators as 
early as 1872. Previous to hatching, the egg loses the pearly white 
color and appears yellow to  orange from the developing bug. The young 1 insect cuts the shell in the upper end of the egg at the outer edge of 
the black crescent. This cut is verv smooth and accurate and extends 
only  lightly beyond the length of the crescent. T l~us  a lid to the egg 
is formed by the portion remaining uncut. The young insect emerges 
from the eyq dorsal sicle o u t ~ ~ ~ a r d .  There seems to be much resistance 
in that portion of the shell which is 11ncut ancl the insect apparently 
has to "squeeze" out of the opening with much effort. Emergence is  
accomplished, with the exception of the tip of the abdomen, which ia 
held firmly by the shell, thus holcling the insect in an  erect position. 
It remains in  this position for some time while the parts harden, which 
,enable i t  to move off. The hatch of eg,qs hatches irregularly, which 
allows freedom to the young hugs in (Irving. One bug is drying and 
moving off before the adjoinin? ecg hatches. From the time the shell 
is cut until the younq h11~ is dr~r, all the time of hatching, is about 
 fort!^ minutes. After hatching, the Founq rcmain clinging to the sides 
of the egg shells, R P  shown in  plate .'i ( h ) ,  for about thirty-six l~ours  
before moving off onto the plant for'feeding. 
The period of incubation varies greatly with the brood and seasons 
in  proportion to the f luct~~ations in temperature. The effect of humid- 
ity upon the incubation period has not been determined but as i t  is 
recorded, i t  i s  'given i n  the tables. The recent papers on the effect 
-of the h~ l rn id i t ,~~  on insect metabolism seem to inclicate tha t  this factor 
can be clisregarded i n  insect studies. 'I'lie low tnmperature a t  which 
the vitality of the eggs is clestroyed 1x1s not been clei-ermined. 
In  the following tables the maxiinurn is the higbest single tempera- 
ture during the periocl; the minimum i s  the lowest single temperature 
during the period. 
The mean given in  the tables is the average of the mean daily tern- 
perature of the days in the periocl. The determination of the length of 
the period has been made by placing the f re~hly  laic1 eggs with a piece 
of leaf on which they were deposited in a small lantern globe cage. 
The cages weye kept nnder natural conditions which were recorded by 
- -the hydro-thermograph. 
Spring Brood 
Table 1.-Duration of egg stage, brood, 1915. 
The longest period of this brood in  1915 was 25 days with a mean 
-daily temperature of 67' F.; the shortest period for this brood was 7 
days with a mean temperature of 74.9' F.; the average period of. this 









































April 9.. . . . . . .  
. . . . . . . .  10 
12 ........ 
. . . . . . . .  16 
16 . . . . . . . .  
17 . . . . . . . .  
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21 . . . . . . . .  
22. . . . . . . .  
29. . . . . . . .  
30 . . . . . . . .  
May 1. . . . . . . .  
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STUDIES O N  TEE HBRZEQUIN BUG . . 
Table %.-Duration of egg stage. brood-1916 . 
The longest' period of this brood in 1916 was 24 days. with a mean 
temperature of 58.9" F. 1 the ~hortest  was 5 days. with a mean temper- 
' 
of '72.7" F . The average period of this brood was 9 days. with 
tn temperature of 68.9" P . 
Laid . 
1916 






































April 4 ........ 
Mar . 30 ........ 
30 ........ 
April 12 ........ 
12 . . . . . . . .  
18 . . . . . . . .  
18 . . . . . . . .  
20 . . . . . . . .  
23 . . . . . . . .  
23 . . . . . . . .  
25 . . . . . . . .  
May 4 . . . . . . . .  
9 ........ 
9 . . . . . . . .  
13 ........ 
17 ........ 
20 . . . . . . . .  
22 ........ 
29 . . . . . . . .  





























































































































Mar . 23 . . . . . . . .  
25 . . . . . . . .  
29 . . . . . . . .  
31 . . . . . . . .  
29 . . . . . . . .  
29 . . . . . . . .  
April 1 ........ 
5 . . . . . . . .  
6 . . . . . . . .  
7 . . . . . . . .  
1 . . . . . . . .  
10 . . . . . . . .  
11 . . . . . . . .  
14 . . . . . . . .  
15 . . . . . . . .  
15 . . . . . . . .  
18 . . . . . . . .  
19 . . . . . . . .  
19 . . . . . . . .  
22 . . . . . . . .  
21 . . . . . . . .  
25 . . . . . . . .  
24 . . . . . . . .  
25 . . . . . . . .  
26 . . . . . . . .  
27 . . . . . . . .  
27 ........ 
29 . . . . . . . .  
29 . . . . . . . .  
May 2 . . . . . . . .  






























































































































































































































































































































































Table 3.-Duration of egg stage, brood-1917-continued. 
The longest period of this brood in 1917 was 15 dave, with an aver- 
age mean temperature of 64.5" F.; the shortest was 7 days, with an 
average mean temperature of 76.4" F. The acerage period of this brood 
was 11 days, with an average mean temperature of 72.3" F. 





















Table 4 gives the summary of the period of incubation of the Spring 
broad of M. Aistrion,icn over the three years of observations. The rec- 
ords given show an average duration of this stage of 11.2 days, with a 


















June 1 . .  ...... 




1915 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  























The period of incnbation of the Summer brood is somewhat shorter 
than that of ,the Spring brood on account of the great increase in the 
prevailing mean temperature. The length of this period is not as vari- 































































































































Plate 3.-Type of large outdoor cage used in seasonal history observations. (Original) 
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Table 5.-Duration of egg stage. brood-1915 . 
Hatched . 
1915 
June 24 ........ 
25 ........ 
29 ........ 










Aug . 2 ........ 

































Laid . Days . 

























The longest period of incublation of this brood was 6 days. with a 
mean daily temperature of 79.6. F . . the shortest period was 4 days, 
with a> mean daily temperature of 82.9" F . The average period for 
this brood for this year was 4.5 days. with a mean daily temperature 
Q f 83.5" F . 
Table 6.-Dnratlon of egg stage. brood-1916 . 
Temperature . Humidity . 
Max . I Min . I ~ e a n !  Max . Min . Meal . 



















28 . . . . . . . .  









6 . . . . . . . .  



























































24 TEXAS AGRICULTUPAL EXPERIMENT S ATION . 
Table 6.-Duration of egg stage. brood-1916-continued . 
The longest period of incubation of this brood for this year was T 
days. with a mean daily temperature of 81.0. F . . the shortest period 
was 3 days. with a mean daily temperature of 86.2" F . The average ' 
3eriod of this brood was 5.3 days. with a mean daily temperature of 
34.6" F . @ 
















June 1 . . . . . . . .  
2 . . . . . . . .  
2 . . . . . . . .  
3 . . . . . . . .  
. 3 . . . . . . . .  
5 . . . . . . . .  
5 . . . . . . . .  
6 . . . . . . . .  
8 . . . . . . . .  
9 . . . . . . . .  
10 . . . . . . . .  
12 ...:.... 
13 . . . . . . . .  
13 . . . . . . . .  
16 . . . . . . . .  
17 . . . . . . . .  
17 . . . . . . . .  
18 . . . . . . . .  
18 . . . . . . . .  
20 . . . . . . . .  
20 . . . . . . . .  
21 . . . . . . . .  
22 . . . . . . . .  
23 . . . . . . . .  
24 . . . . . . . .  
25 . . . . . . . .  
26 . . . . . . . .  
27 . . . . . . . .  
28 . . . . . . . .  
28 . . . . . . . .  
29 . . . . . . . .  
30 . . . . . . . .  
July 1 . . . . . . . .  
2 . . . . . . . .  
2 . . . . . . . .  
3 . . . . . . . .  
5 . . . . . . . .  














































Min . Mean . 
-I Max . Min . Mean . 
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Table 7.-Duration of egg stage, brood-1917-continued. 
The longest period of incubation of this brood for this year was 7 
days, with a mean daily temperature of 82.0' F. ; the shortest period 
of this brood was 3 days, with a mean daily temperature of 90.8" F. 
The aveTaFe period of this brood mas 5.1 days, with a mean daily tern 
perahre of 82.8" F. 























...... 6..  
7 ........ 
8 . . . . . . . .  
9 . . . . . . . .  
9 . . . . . . . .  
. . . . . . . .  14 
. . . . . . . .  14 
. . . . . . . .  15 
18 . . . . . . . .  
. . . . . . . .  21 
Aug. 2..  ...... 
........ 6 
























Table 8 gives a summary of the period of incubation of the Sum- 
mer brood of M. histriorcicn over a period of three years. The records 
given show an average duration of this .stage of 5.2 days, with a mean 














































In the Fall brood we again have a long period of incubation and on( 
which varies greatly, not o n l ~  within the seaeon but from year to year. 
The length of this period in the Fall broocl is much the same as it ie 
in the Spring brood. 








































6 A u g . 1 5  ........ 
18 ........ 
27 ........ 
Sept. 4 . .  . . . . . .  












































































6 7 . 1 ,  
The longest period of incubation of this brood was 29 days, with a 
mean daily temperature of 58.2" F.; the shortest period of this brood 
was 5 days; with 8 mean rlailv temperature of 78.6" F. The average 
period of this brood was 12.7 days, with a mean daily temperature of 
74.0" F. 
Table 10.-Duration of egg stage, brood-1916. 
The longest period of incubation of this brood was 17 days in 1916, 
with a mean daily temperature of 60.0" F.; the shortest period of this 
brood was 4 days, with a mean daily temperature of 85.5" F. The 
average period of this brood was 7.5 days, with a mean daily tempera- 
ture of 79.8" F. 
Table 11.-Duration of egg stage, fall brood. 
Mean 
Year. temperature, Duration, 1 degries. 1 days. 
The average period of incubation of the Fall brood of M. histrionica, 
as obtained from our records, is given in t ~ b l e  11, a period of 10.1 , 
days, with a mean daily temperatme of 76.9" F. 
A summary of the foregoing tables gives the following periods of in- 
cubation of M. hisirionica. 
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Spring: 11.2 days, with a mean daily temperature of 69.g0 F. 
Summer: 5.2 davs, with a mean daily temperature of 83.6" F. 
"-'I: 10.1 days, with a mean daily temperature of 76.9" F. 
Number of Moults 
rom the observations made on M. histrionica, the number of moults 
always the some; season, temperature and the food supply did not 
r the number, which was six, as shown in the tables that follow. 
Spring Brood 



























M-2 $ M-3' $' M - 4  $ 
r3 Q fl 

















this Spring brood the average lengths of instan were: first 
I, 5.4 days; second instar, 5.8 days; third instar, 6.0 days; fourth 
#, 4.8 days; fifth instar, 6.0 days; sixth instar, 3.6 days. The 
;e period from hatching to maturity of this brood was 37.6 days. 
Table 13.-Length of instars. Brood-1916. 
The average lengths of the instars of this brood were: first instar, 
6.3 days; second instar, 8.1 days; third instar, 5.9 days; fourth instar, 
7.9 days; fifth instar, 7.6 dags; sixth instar, 7.1 days. The average 
period from hatching to maturity was 42.9 days. 
From the records of the two years, the average lengths of the instars 
of the Spring brood of B. histrionica are: first instar, 5.8 days; second 
instar, 6.8 days; third instar, 5.9 days; fourth instar, 6.3' days ; 'fifth 
instar, 6.8 days; and sixth instar, 8.3 days. 
Summer Brood 
Table 14.-Length of instars . Brood-1915 . 
The average lengths of the instars of the Summer brood of this year 
were: first instar. 3.4 days; second instar. 3.2 days; third instar. 4.7 
days; fourth instar. 4.7 dn:vs; fifth instar. 7.0 days; sixth instar. 4.3 
days . The auerage lenetl~ of the period from the hatching of the egg 
to maturity of this brood mas ?7:3 days . 
. . 
Table 15.-Length of instars . Brood-1916 . 
Hatched . 
1916 
June 12 . . . .  
18 .... 
18 .... 
19 . . . .  
20 . . . .  
20 .... 
22 . . . .  
24 . . . .  
25 . . . .  
27 . . . .  
. . . .  28 
.... 28 
30 .... 
30 . . . .  
. . . .  July 1 
4 . . . .  
5 . . . .  
6 .... 
6 . . . .  
6 . . . .  
.... 8 
..... 8 
. . . .  9 
9 . . . .  
10 ..-.. 
11 . . . .  
14 . . . .  
15 . . . .  
20 .... 
21 . . . .  
22 . . . .  
22 . . . .  
2 4  . . . .  
24 . . . .  
27 . . . .  
29 . . . .  
. . . . .  Aug 1 
4 .... 
6 . . . .  
7 . . . .  
. . . .  7 
. . . .  9 
10 . . . .  
. . . .  13 
13 . . . .  
17 . . . .  

































Aug . 4 
July 31 










Sept . 4 
Aug . 19 
18 
24 
Sept . 7 

































Aug . 1 
July 26 

























































Sept . 9 
Aug . 24 
27 
29 
Sept . 12 
Aug . 27 
























































































































































1 3  


















































Aug . 3 
July 31 












Sept . 3 
Aug . 30 
31 
Sept . 10 




















































Sept . 4 







































































































STUDIES' ON THE HARLEQCIN BUG. 29 
For this Summer brood the average lengths of the instars were: first 
instar, 3.6 d a y ;  second instar, 3.9 days; third instar, 4.2 days; fourth 
instar, 7.2 days; fifth instar, 6.6 days; and sixth instar, 11.3 days. 
The average lengths of the period from hatching to maturity of this 
brood was 36.5 days. 
The average lengths of the instars of the Summer brood as given in 
tables 14 and 15 were: first instar, 3.5 days; second instar, 3.5 days; 
third instar, 4.5 days; fourth instar, 5.9 days; fifth instar, 6.8 days; 
and sixth instar, 7.8 daps. 
Fall Brood 
The average lengths of the instals of this Fall brood were: first in- 
star,, 3.0 days; second. instal; 8.0 days; third instar, 4.0 days; fourth 
instar, 6.0 days; fifth instar, 3.5 daps; and sixth instar, 5.5 days. 
Table 16-Length of instars. Brood-1915. 
Table 17.-Length of instars. Brood-1916. 
For this Fall brood the average lengths of instars were: first instar, 
3.9 days ; second instar, 6.0 days ; third instar, 6.0 days; fourth instar, 
days; fifth instar, 12.7 days, and the sixth instar, 21.5 days. The 
age length of the period from hatching to maturity of this brood 
59.4 days. 









~ l e s  16 and 17, were: first instar, 3.4 days; second instar, 7.0 days; 
ird instar. 5.0 days; fourth instar, 7.6 d a ~ s  fifth instar, 8.1 day ,  
d the sixth instar, 13.5 days. 
M-6 
1915 








Aug 18. .. . 


































Table 18.-Length 'of instars. M. histrionica. 
Dz~ratio-n of Period of Maturity 
The above tables deal primarily with the details of the instars, with- 
out reference to climatic conditions. The period of maturity from the 
hatching of the egg to the last mo:~lt is aflected very mlzch by the 
variations in temperature. It is very doubtful if isolated extremes in 
temperature affect the. final lengih of the period as does the mean daily 
temperature of the entire period. ,4 single high or a single low tenl- 
perature has occurred a t  such a time that it is included in the obser- 
vations 3f many individuals, but the mean daily temperature does vary 
with each individual record. 
Brood. 
Spring. . . . . . . . . . . . . . 
Summer.. . . . . . . . . . . . 





















,The average duration for 1915 of this period was 37.8 days, with a 
mean daily temperature of 73.3" P. 









































Mar. 16.. . . . . . . . . . . . . 
20.. . . . . . . . . . . . ; 
22 .............. 
23 .............. 
30.. . . . . . . . . . . . . 
April 4. .... . . . . . . . . . 
4 . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . .  
' 18.. . . . . . . . . . . . 
18 . . . . . . . . . . . . . .  
20 ............. 
23 . . . . . . . . . . . . . . 
25. . . . . . . . . . . . . . 
May 9 ..... . .. . . .. . . 






















May 8 . .  . . . . . . . . . . . 
11.. . . . . . . . . . . . 
12 ............. 
15 ............. 
18. . . . . . . . . . . . . 
22.. . . . . . . . . . . . 
24 ............. 
29 ............. 
Jane 4. .  . . .. . . . . . . . 
May 31.: . . . . . . . . . . .  
June  4 . . . . . . . . . . . . .  
s . . . . . . . . . . . . .  
5 . . . . . . . . . . . . .  
18. .  .. . . . . .. . . . 
16 . . . . . . . . . . . . .  
19 ............. 
22 . . . . . . . . . . . . .  
21 . . . . . . . . . . . . .  
22 ............. 



























































































The 05;eerrations made on this brood in  1916 extended over a period 
of three months, and showcd some range in the length of the period 
of maturity. l 'hc longest period was 52 days, mith a mean daily tem- 
perature of 69.1" F.; the shortest period was 31 days, with a mean daily 
temperature of '79.7" F. Tllr average period of this brood was 42.9 
days, with a mean daily temperature of 70.2" F. 
Table 21.-Period of matnrity. Brood-1917. 
Hatched. 1 Matured. I Days. I Max. I Min. Mean. 
1917 1917 
Mar. 21.. ............ May 28.. . . . . . . . . . . . '  66 99 69.7 
31 .............. 24 ............. 68.7' 
- 29 .............. 18 . . . . . . . . . . . . .  50 41 1. 69.8; 
25.. ............ 17.. . . . . . . . . . . .  53 . 68.3. 
29.. ............ 18.. . . . . . . . . . . .  50 99 . 69.8 
29 . . . . . . . . . . . . .  20 . . . . . . . . . . . . .  52 1 99 . 41-  68.0' "i I 
The observations made on this brood in 1917 were made over a period 
of three months, but there is not a decided range in the length of the 
period of maturity. The longest period ~vas 66 days, with a mean daily 
temperature of 69.7" F.; the shortest period was 50 days, with a mean 
daily temperature of 69.8" F.; and the arerage period was 58.1 days, 
mith a mean daily temperature of 68.7" P. 
, . Summary 




Period. Mean  T e m p ,  
37.8 days . '73.8" F. 
42.9 days Y0.2" F, 
58.1 days ' 68.7" F. .- 
The average length of the periotl of the Spring brood is 46.3 days, 
with a mean daily tempera.ture of 70.9" F. 
Summer Brood 
Table 22.-Period of maturity. Braad-1915. 
There is a very little variation in the length of the period of this 














June 24 .............. 
25 . .  . . . . . . . . . . . .  










July 25.. ............ 
26.. ........... 
........... 29.. 
.lug. 4. .  ........... 
3 . . . . . . : . . . . . .  



































Table 23.-Period of maturity . Brood-1916 . 
Min . Mean . 
Hatched . 
1916 
































24 . . . . . . . . . . . . . .  
24 .............. 
. . . . . . . . . . . . . .  27 
29 ............... 




7 . . . . . . . . . . . . . . .  
9 .............. 
10 . . . . . . . . . . . . . '  
. . . . . . . . . . . . . .  13 
13 .............. 
. . . . . . . . . . . . . .  17 
17 . . . . . . . . . . . . . .  
Hatched . Matured . 




















































............. July 11 
19 . . . . . . . . . . . . .  
20 . . . . . . . . . . . . .  
............. 22 
20 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  24 
23 . . . . . . . . . . . . .  
............. 27 
. . . . . . . . . . . . .  27 
............. 27 
31 ............. 
26 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  30 
. . . . . . . . . . . . . .  Aug 3 
July 31 . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Aug 2 
............. 3 
. . . . . . . . . . . . .  8 
............. 7 
. . . . . . . . . . . . .  4 
. . . . . . . . . . . . .  10 
11 . . . . . . . . . . . . .  
............. 13 
. . . . . . . . . . . . . .  11 
. . . . . . . . . . . . .  2 
. . . . . . . . . . . . .  14 
. . . . . . . . . . . . .  18 
. ...,......... Sept 3 
30 ............. 
31 ............. 
. . . . . . . . . . . . .  Sept.10 
. Aug 27 . . . . . . . . . . . . .  
30 . . . . . . . . . . . . .  
31 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  30 
'sept . 9 . . . . . . . . . . . . .  
11 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  11 
13 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  14 
23 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  17 
16 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  16 
26 ............. 
. . . . . . . . . . . . .  30 
27 . . . . . . . . . . . . .  
Table 24.-Period of 
1917 
.............. June 18 
.............. 11 
14 . . . . . . . . . . . . . .  
1 .............. 
1 . . . . . . . . . . . . . .  






















































............. July 15 
. . . . . . . . . . . . .  10 
10 ............. 
10 ............. 
2 . . . . . . . . . . . . .  
15 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  June 30 
............. July 5 
In this brood there was not much variation i n  the length of the period 
of maturity;- climatic conditions were nearly constant . The longest 
period was 39 days. with a mean daily temperature of 83.5" F . ; the 
shortest period was 27 davs. with a mean daily temperature of 83.8" F . . 
and the average period of this brood was 30.8 days. with a mean daily 
temperature of 83.7" P . 
. L 
. . . .  





























































































Fall Brood I 
Table 25.-Period of maturity. Brood-1915. 
arerage period of this broo,d wa's 30.5 days, with a mean daily 
temperature of 78.7" F. 








.:. ......... . .  
/ Matured. Temperature. Days. 1 
Max. 1 Min. 1 Mean. 
Matured. 
1915 
'Sept.13 . . . . . . . . . . . . .  




The longest period of this brood was 49 days, with a mean daily tern- 
pe~ature  of '78.0" F.: the shorteqt period was 35 days, with a mean 
-daily temperature of 75.3' F. The avemge periocl was 40.8 days, with 
a mean daily temperature of 76.4" I?. 
1916 
Aug. 21.. . . . . . . . . . . .  
. 29 . . . . . . . . . . . . . .  
31 . . . . . . . . . . . . . .  
Sept. 1 . . . . . . . . . . . . . .  
3 .............. 
5 . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . .  
.Su,mru ary 
Period. Mean Temp. 
30.5 days 78.7" F. 
40.8 days 76.4" F. 
1916 
Oct. 2 . .  . . . . . . . . . . .  
. . . . . . . . . . . . .  4 
8 . . . . . . . . . . . . .  
8 . .  . . . . . . . . . . . .  
13 . . . . . . . . . . . . .  
21 . . . . . . . . . . . . .  
31 . . . . . . . . . . . . .  
The ayerage length of maturity of the Fall b,rood was 35.6 days 
-with a mean daily temperature of 77.5" F. 
Table 27.-Period of maturity. M. histrionica. 









The harlequin bug-a striking in~ect-needs no description for those 
who have ever seen a specimen; its psg colors are sure to make lasting 
impression upon anyone. In  fact, .every description of the insect is 
:based upon the color pattern. R o m  a technical standpoint, this i s  mis 
'leading, for me know that the pattern varies greatly, with individuals 



























and his experiments showed that  when insects are reared in bright light 
the dark blue colors predominate, and when reared in  the dark the pale 
red colors predominate. I n  our work, i t  has become evident that  highly 
colored individuals occur throushout the Spring and sum me^. broods, 
and the somber-idividuals malie up most of the over-wintering brood, 
I n  plate 5, (c), the upper row of individuals is of the Summer gen- 
eration and the lower ronr is of the over-wintering generation. Tho 
bugs i n  the upper row appear lighter; the areas most pronounced were 
yellow; those less pronounced mrcre red. Tn the lower row the light 
areas were-yellow. It will be observed that the amount of yellow on 
the bugs i n  the lower row is very small. T t  is possible to see tha t  t he  
solm ber color would be a dietin ct ad vantage to over-wintering individ- 
uals, as a matter of protection. 
A liberal translation of the original description of the harlequin bug 
by Hahn  is given herewith: 
"Strac71,ia hhtrionica. A motely, trim bug. Rather long, black 
with a violet huecl lusture, finely punctate; the wing covers yellow- 
ish red with a rounded edge, a. long narrow streak i n  the middle 
of the same color and two such points; the scutellum with t r o  
white points and a T form, white above and a yellowish red design 
below, also yellowish red a t  the t ip:  the prothorax with a yellow- 
ish red background, and obliclue spot below the middle and anot3er 
spot below the edge; the femur has a s  small white spot near the  
ant.srior end;  the border of the abdomen alternate black and white. 
"Length, 43 lines; width, 24  line^. 
"Germany. Mexico. From .my collection. 
"The antennae are black, somewhat glossy; above the middle of 
the head are two white points. The beak is shiny black. 'The 
greater portion of the unclercide of the body is black, the thorax 
is finely pnnctate, the abdomen is smooth, shiny, dark violet. Thcre 
are four small white spots on the underside of the head; the outel* 
border of the thorax is  yellowich red, oblique white spot on the 
outside of each tibia. The abdomen is distinctly se,pented. In 
the middle is a 1-9nncl white 5pot, close to i t  on either side is a 
yellowish red oblique streak and still closer to the border a small 
white spot; the bl~rder i t ~ e l f  is black and ~vhi tc  alternate; the half 
wings are black n-ith a violet hued change of colors." 
D~rmiSion of Life 
As ha,ving a powible bearinp on probable control measures, a test 
was made to determine how long over-wintering brigs would live i n  the 
Spring without food. On February 22, 1RlC five pairs of bugs were 
pleced i n  an  ontdoor cage. The9e bugs had left their hibernating,qnar- 
ters on this warm day and were very numerous on collard plants in  the 
earden. No bugs had hecn feeding previous to this day on account of 
:he low temperatures which had p~evailed. Very good proteytion was 
afforded these bugs i n  the capes 50 tha t  they might not be lrilled by 
low temperatures. One dead male was found twenty-one days later, a 
female twenty-seven days latcr, an2 another thirty-three days later. A 
dead male and female were found after forty-four days. . and all of the 
remaining bugs were dead in forty-seven days from the time they were 
placed in  the cage . During the observatjon~ the bugs were quite activ? 
much of the time. and. on two dates. pairs were observed in  copulation . 
Generally the male dies before the female. the exception being for 
the male to  live the longer . When the latter is the case. the difference 
is very little. whereas the female may live very much longer than the 
male. until very nearly the end of the oviposition period . I n  a few in- 
stances. several batches of egys were laid after the male died . The ob . 
eervations on the Spring brood i n  1916 are given i n  the following table: 
Table 28.-Period between death of male and female . 
Male di6d . I Female died . I Period. days . 
June 1 . . . . . . . . . . . . . . . . . . . . . . . . . .  
June 2 . . . . . . . . . . . . . . . . . . . . . . . . .  
June 4 . . . . . . . . . . . . . . . . . . . . . . . . .  
June 5 . . . . . . . . . . . . . . . . . . . . . . . . .  
June 8 . . . . . . . . . . . . . . . . . . . . . . . . .  
~verage. days . . . . . . . . . . . .  
The 
June 6 . . . . . . . . . . . . . . . . . . . . . . .  
June 4 . . . . . . . . . . . . . . . . . . . . . . .  
June 10 . . . . . . . . . . . . . . . . . . . . . . .  
June 12 . . . . . . . . . . . . . . . . . . . . . . .  
June 16 . . . . . . . . . . . . . . . . . . . . . . .  
I observations on the Summer brood in 1917 are given below: 







. . .  \ . . . . . . . . . . . . . . . . . . . . . . . . . .  5.6 
The period from the date of the last oriposition until the death of 
tho female vlries much with inclividuals and broods. but is usually 
quite a few days. The ohservatione on the Summer brood of 1916 are 
given in table 30 . 
Male died . 
JUIY 3 . . . . . . . . . . . . . . . . . . . . . . . . .  
July 5 . . . . . . . . . . . . . . . . . . . . . . . . .  
July 9 . . . . . . . . . . . . . . . . . . . . . . . . .  
July 15 . . . . . . . . . . . . . . . . . . . . . . . . .  
July 16 . . . . . . . . . . . . . . . . . . . . . . . . .  
July 20 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aug . 2 . . . . . . . . . . . . . . . . . . . . . . . . .  
Aug . 5 . . . . . . . . . . . . . . . . . . . . . . . . .  
Aug.20 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Sept.11 
Sept . 17 . . . . . . . . . . . . . . . . . . . . . . . . .  
Average, days 
Table 30.-Period betwgen oviposition and death . 
- .- 
FemaIe died . 
. . . . . . . . . . . . . . . . . . . . . . .  A U ~  . a3 
July 12 . . . . . . . . . . . . . . . . . . . . . . .  
July 30 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Aug . 1 
July 24 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  111ly 27 
Ort . 1 . . . . . . . . . . . . . . . . . . . . . . .  
Sept.18 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Sept.30 
. . . . . . . . . . . . . . . . . . . . . . .  Sept.20 
. Sept 26 . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  













Last eggs laid . 
July 13 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  July 15 
. . . . . . . . . . . . . . . . . . . . . . . . .  July 20 
. . . . . . . . . . . . . . . . . . . . . . . . .  July 25 
Ang . 2 . . . . . . . . . . . . . . . . . . . . . . . . .  
Aug . 7 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Aug . 10 
. . . . . . . . . . . . . . . . . . . . . . . . .  Aug . 13 
Aug . 15 . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Aug . 20 
. . . . . . . . . . . . . . . . . . . . . . . . .  Aug . 31 
Female died . 
ug . I . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  . Aug 8 
. . . . . . . . . . . . . . . . . . . . . . . .  Aug 12 
. . . . . . . . . . . . . . . . . . . . . . . .  Aug 12 
. . . . . . . . . . . . . . . . . . . . . . .  . Sept 8 
Septa 12 . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Sept.20 
. . . . . . . . . . . . . . . . . . . . . . . .  Aug 24 
Aug . 30 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  5ept.10 
. . . . . . . . . . . . . . . . . . . . . . . . .  Sept.19 












'The longest period of this brood was 37 days; the shortest period was 
11 days; the average period was 24 clavs. 
The observations on this period in the Fall brood of 1916 are given 
in table 31. 
Table 31.-Period between oviposition and death. 
. . . . . . . . . . . . . . . . . . . . . . .  Oct. r 1 . .  
Oct. 3 . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  ,Oct. 3 
. . . . . . . . . . . . . . . . . . . . . .  Oct. 8::. 
Oct. 10 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Oct. 1 2 . .  
Last eggs laid. 
. . . . . . . . . . . . . . . . . . . . .  Oct. 28.. 
. . . . . . . . . . . . . . . . . . . . . . .  Oct. 18 
Nov. 5 . . . . . . . . . . . . . . . . . . . . . . .  
N ~ v .  15 . . . . . . . . . . . . . . . . . . . . . . .  
Nov. 15 . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Nov. 15 
Female died. / Period. days. 
The longest period of this brood was 38 days; the shortest was 15 
days, and the average period was 30 days. 
The proportion of ;exes at  different seasons of the year is interest- 
ing and thro~vs some light on that part of the life history of the in- 
sect. On March 7, 1916, the harlequin bugs were coming from a woods, 
where they had hibernated, to a nearby collard patch. A collection of 
805 bugs was made, nf which 344 were males and 458 nTere females- 
This would seem to incliqate that more femaler. than males survived t h ~  
winter. But i t  might be taken to indicate that the females left hiber- 
nation earlier in the spring in. search of food. During April, 1916. 
col!ectious of bugs were made from the growing plants in the gardens, 
.during the last ten days of the month. Of the 175 bugs collected during 
this period, 101 were nlales and seventy-four were females. The propor- 
tion of sexes at this time was the reverse of mrliat i t  was when the bugs 
were first leaving hibernation. From May 25 to June 10, 1916, collec- 
tions were made from plants in the garden of the bugs. Of the 237 bugs 
collected, 150 were males ancl eighty-?even mere females. Again this 
is a preponderance of males, nearlv twice as many. From October 10 
to 20, 191 6, the bugs were collected from the plants in  the garden, and 
in all, 113 bugs were taken, of nrhich fifty-three were males and sixty 
were females. As was the case upon leaving hibernation, there were 
more females than males a t  the time preceding the entrance into hiber- 
nation. 
In  the over-wintering cages, 191 5-1 916, collections were made from 
time to time during December, January and February. Of the 141 bugs 
.collected, seventy-two mere nlales and sixty-nine were females. The 
bugs in  these cages were collected in the Pall in  the garden without 
regard to sex. . 
From the above data i t  would appear that more females survived the 
winter than males, but that during the reproduction period of the 
year, the males are more abundant than the females. 
DURATION OF LIFE CYCLE 
Over-lcinteri?tg Brood 
Some bugs which hqd maturer1 on October 9, 1915, mere placed in 
cages, in pairs, the cage being located in shelter. Of those that sur- 
vived the winter, one pair died, April 4, 1916; one pair on March 14, 
191 6 ; one pair on March 16, 1916, and one pair on April 19, 1916. 
From the,% records the average adult life of the over-wintering brood 
w ~ s  171 days. 
Rpring Rrood 
On May 11, 191 6, pairs of bugs that had just matured were placed 
in cages under natnral conditions in the garden. One pair died July 
16, 1916; one pair July 25, 1916; one pair August 12, 1916, and one 
pair August 28, 191 6. The records show that the average length of 
the adult's life in this brood ~vac eighty-six days. 
On March 8, 1917, newly collected pairs of bugs were placed in  cages 
under natural conditions in the garden. One pair died on June 2, 
1917; one pair on June 3 ; one pair on June 8 ;  one pair on June 15; 
one pair on June 25, and one pair on July 5. From these records, the 
average length of the adult life of the spring brood was ninety-seven 
days. The arerage length of the adult life of the Spring b r o d  of 1916 
and 1917 was 91.5 days. 
. 
Bwnrner Brood 
During the summer, 1915, the following records were made on the 
length of the adult life. One pair emerged July 25 and died on No- 
veniber 1.5. One pair emcrged July 27 and died November 21; one 
pair emerged August S and died Xovember 9; one pair emerged August 
9 and died October 18; and one pair emerged August 10 and died No. 
veniber 21. The average length of the adult life from. thesc records 
was ninety-nine days. 
During the Summer \of 1 916' the following records were made : One 
pair emerged May 18 and died July 9 ;  one pair emerged Map 20 and 
died July 16; one pair emerged May '24 and died July 20; one pair 
emerged Nay 28 and died July 'JO; and one pair emerged May 21 anit* 
died July 16. F'rom these records, the average length of the adult life 
of this brood was fifty-four days. 
The average length of the adult life of summer broods of 1915 and 
1916 was 76.5 days. The above data shows the following duration of 
the life of the adults: 
Over-wintering . . . . . . . . . . . . . . . . . . . . . .  . I  71 days. 
Spring bnlotl . . . . . . . . . . . . . . . . . . . . . . . .  91.5 days. 
Summer brood . . . . . . . . . . . . . . . . . . . . . .  76.5 days. 
NUMBER OF GENERATIONS 
As stated previously, the cnge experiments that were conducted with 
the harlequin bug shon- that normally there are a t  College Station three 

full generations a pear. From the first born generation series it is evi- 
(lent that there i e  usually a, partial fourth brood. By selecting the first 
horn of each brood, i t  is possible to have the fourth brood about to ma- 
turity before lorn temperatures force the species to hibernation quarters. 
This fourth brood is to be disre~arded a t  this latitude, however, ae it 
must play an unimportant part in the sea~onal hidory of the pest and 
the damage that m:lp be clone. Very few aclults develop from the fourth 
hrood and only adults can successfullp pass through the winter a t  this 
latitude. I n  the southern part of the  State there is every reason to 
suppox that four complete generations occur i n  a, year. I n  the north- 
ern part of the State i t  iy quite possible that  only three complete gen- 
erations occur during the year. 
Figure 4 represents the data. obtained from a generation study and 
shows the variation and overlapping in the broods. I n  this work the 
first born and last born individuals only were obse~.ved. The solid line 
represents the period from the time the egg was deposited until time 
for the following deposition, or the period of maturity of the bug. 
The broken line represents the period of egg deposition. The Yecords 
of these series are given in this chart. On the first line is the adult 
over-wintering brood, the first eggs were laid on March 18 and the last 
eggs were laid May 25. The last batch of eggs resulted in  mature bugs 
which laid their first batch of eggs on July 10. On the second line is . 
the development of mature bugs from the first batch of eggs of the 
over-wintering adults, and these laid their first batch of eggs May 21 and 
the last July 14. 'The adnlts from these had not developed when the 
work ceneed. On the third line is the development of bugs from the 
first blatch of eggs of the seconc! generation and a part of their third 
period of oviposition. 
The chart gives an idea of the great variation in the development 
of thjs insect, as the three series were kept under the same conditions. 
From these records it  is evident that for a short time eggs found in the 
fields may be of the last of the first generation or the first of the second 
genera tion. 
Later in the season developing bugs may be from the last of the first 
generation or the first of the ~econd generation. Still later in the sea- 
son eggs may he those of the last born bugs of the first generation or 
of the first of the third generation. 
FEEDING HABITS I 
During the spring the bugs feed extensively on the cruciferous plants 
with a preference shown for mustard. On this plant the feeding is ' 
confined to the young tender leaves that develop around the seed stalk. 
The most of the bugs are found on tunlips, collards and kale. If seed 
stalks develop on any of these plants the bugs are found to concentrate 
on them, as in the case of mustard. I n  the experimental garden the 
mustard mas killed bg June 1 as a. result of the att*acks of the harle- 
quin -bug. The bugs readily leave old plants for young tender growth, 
even the nymphs noticeably congregate on such plants. Cauliflower was 
not attacked when a good supply of collards was present. Rutabaga 
turnips were not attaclccd until mustard was abandoned. Turnips do 
not show injurp as quicklv as ninstarcl. Radishes are readily attacked 
and are not able to withstand the feeding of the bugs very long. With 
t h ~  heginning of snmrrler, after the mustard, tunlips and radishes have 
been killed, the bugs concentrate on kale and cauliflower. By July 10 
al! of the cruciferous plants in the garden vTere killed. , 
Specimens of the harlequin hug were on pepper on two dates in 
June. Tn one cav  the n ~ m p h s  as veil as adults were present. No 
feeding mas observed bv either stage, so pro11nl)ly the insects were on 
this plant merely in their migration. 
Throughout June nymphs and adults JveiGe observed on olrra but never ' 
ham they been observed feeding. The first week in July, however, a 
noticeaiblle injury was done to olcra hy the feeding of these bugs. Dur- 
ing June a single adult was talcen from pumpkin ancl also one from egg 
plant. These were not feecling. Dvring Julv, several blugs of a11 stages 
were found on cotton, especialljr a r o ~ ~ n d  the developing bolls. The feed- 
ing punctures on the tjolls are renclily noticeable, and apparently were 
injurious to the boll. 
The adult b11gs are kno~vn to feed on weeds in the absence of culti- 
vated plants. U~ual ly  the weeds are amilable a t  the time of year when 
the cultivated plants are not present, which time varies with the lo- 
cality in  the State. 
The comparative injurp done hp this insect in the spring or later in 
the pear depends much on climate and locality. The observations made 
on this insect do not permit of a general statement. Along the Gulf 
Coast the crops suffer most from the attacks of the Spring brood, which 
is also the coridition in the northern past elf the State. I n  much of 
the remszininy territory the later broods do the most of the injury. 
Whenever the host plants are available the harlequin bug feeds 
throughout the entire summer, hut in some localities during the hot, 
dry portion of the pear, green succ~~lent plants are not alwajrs avail- 
able. Except in the extreme southern port of the State the harlequin 
buy does not feed throughout the winter. The general feeding of the 
insect ceases with the occurrence of the first frost, which may be from 
September 15 to November 15. 
TEMPERATURE INFLUENCE 
The influence of low temperatures on the feeding habits of the har- 
lequin bug is interesting. The feeding of this insect during t l ~ e  spriilg 
is of much importance from an economic standpoint. 
Tn the spring of 1915 some notes were made on the feeding activi- 
ties of the insect. On March 7 very few bugs were found feeding in 
the garden, but on March 1 2  the bugs were feeding on radishes and 
mustard. At  3 p. m. the feeding was confined to the sunny side of the 
the plants. I t  snddenlp turned cold on B1arch 16, when but a single 
bug was found feeding in the garden. This mas on mustard in a pro- 
tected place on the plant. 
On March 19 in an outdoor cage in the garden fi-ve bugs were jn- 
active, while ten were huddlecl on the ground at  the base of the plant. 
On the 19th in  an outdoor cage the bugs were eatingfreely on mustnrd. 






L the 19th to the 22d wae a cool period, frost every night and ice 
mornings. On the 22d the bugs mere feeding i n  the garden on 
3rd and also in the ot~t.door cage. On the following days the bugs 
feeding well dolrrn among the leaves. From this time until the 
the bugs fed freely? but on the 31st no bugs were found feeding. 
e climatic conditions during this period are indicated in  the fol- 
ing tablle : 
Table 32.-Climatic conditions. 
Observations were made early in 1916 in outdoor cages and the bugs 
were active and feeding on the plants on January 2d, 13th, 20th ; Feb- 
rilary 2d, 11th and 2lst. 



























The feeding activity of the harlequin bug during the different parts 
of the day varies with the season. During the fall and spring the 
feeding is confined entirely to the wa-rmest part of the day, from 10 
a. m. to 3 p. m. During the summer this portion of the day is avoided 
for feeding purposes, the bugs seeking places protected from the heat 
of the sun. 



























The adult hugs are able to locate food in  isolated places at  any sea- 
soil of the year. ?'he greatest migration is in the spring up011 leaving 
Velo. 








































































P .  C. 
cdy. 
clear 




































































































































































































































the hiberating quarters. The bugs are attracted f i s t  to mustard, espe- 
cially rank growth which is us~lally too old for greens and consequently 
is seldom disturbed. In the fall collards are most readily selected for 
feeding. For winter feeding the plants chosen are those in  the most 
protected places, as close to a woodlot. 
ADAPTIVE CAPACITY 
I n  one instance the bngs were very numerous on a portion of a mug- 
tard bed that wcs not picked for preens in. the spring. The growth of 
this mustard was verj- rank and served as ideal feeding quarters dur- 
ing early spring. Rather than feed on the mustard that was to be used 
I for greens, the bugs spread to adjoining turnips when fresh feedicg plants were needed. On these the feeding was not general over the 
patch but confined to the area adjoining the rank growing mustard. 
On April 14  all of the mustard mas cut. Twenty hours later fully 
seventy-five per cent of the bugs had sought new food. A few near-by 
stalks of volunteer mustard were severely attacked by the bugs and 
so011 killed. Kale growing thirty feet away from the mustard attracted 
some bugs and a few went to turnips beyond the kale and sixtv feet 
from themustard. Cauliflower onlyLfifteen feet from the mustard did 
not attract any of the hugs. The bugs remaining on mustard were con- 
gregated on a few partially cut, otf stems. All ~f the bugs did not leave 
the mustard until thirty-six hours after i t  was cut, at which time it 




In the spring of 1915 bugs in  the garden were observed in copula- 
tion for the first time on March '?'. Again on the 22d, after a cool 
period, many of the bugs obse~ved on the plants in the garden were in 
copulation. The next day but few pairs were observed, as was the case 
on the 30th. On the following day, however, many pairs again were 
observed in copulation. For the climatic conditions that prevailed dur- 
ing the month see table 32. Throughout April copulation may be ob- 
served at any time. 
In  the spring of 1916 the first pair of copulating bugs were observed 
in the garden on January 20. In the outdoor cages copulation of the 
bugs was observed on J f tn~~ary  l l th ,  February 2d, 11, 2lst, and March 
1st. The latest dates of copulation noted in the fall of 1916 were No- 
vember 10th and 11th. 
Period Retf~leen 2CTn t ur i t y  and Coplat ion 
I n  the season of 1916 more detailed notes were made in order to de- 
termine the age of the bugs when copulation begins. The results ob- 
tained from the spring brood are shown in the following table: 
Table 33.-Period between maturity and copulation. 
May 15 ......... 
May 18.. . . . . . . .  
. . . . . . .  Mar. 8. .  
. . . . . . .  Mar. 6. .  
May 19.. . . . . . . .  





A 9.. ............ 
A20.. ............ 
......... May 30 15 
May 31 ......... 
Mar. 10.. . . . . . . .  
Mar. 15.. . . . . . . .  10 
LCage no. 
(3) May 14.. .... 
.... (4) May 17.. 
. . . .  (1) Mar. 1.. 
. . . .  (2) Mar. 5.. 
. . . .  (5) May 17.. 
. . . .  (6) May 18.. 
. . . . . . .  June 1 . .  15 
. . . . . . .  June 1 . .  1 14 
Mated. Matured. 
I I I I 
From the above it would seem that from the time of maturity to the 
first copulation is not so long in  the early part of the season as i t  is 
in the laiter part of the season. Copulation took place soon after mat- 
ing in the one case when .mating was delayed. The average period 
from the maturity of the bugs to first copulation in the spring brood 
of 1916 was fourteen days. 
The results of the summer brood of 1916 are shown in the following 
table : 
Table 34.-Period between .maturity and copulation. 
age No. I Matured, / Mated. / Copulation. / -period, days. 
, 






I I I I 
With this hrood the period is much shorter in  the later part of the ' 
season. The average period of this brood from maturity of the bugs 
to the first copulation was 6.6' days. 
May 18 ......... 
May 20 ......... 
May 31 ......... 
June 2 . . . . . . . . .  
June 5 . . . . . . . . .  
May 18 . . . . . . . . .  
May 21 ......... 
June 1 . . . . . . . . .  
June 3 . . . . . . . . . .  



































May 27 ......... 
May 28 ......... 
June 2 . . . . . . . . .  
June 10 ......... 
June 10. . . . . . . . .  
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35.-Fertility record of three 
April. 
. . . . . .  
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Fertility 
The female can lay fertilized eggs for some time after the male is 
dead, dtbough apparently copnlatioo takec: place before each dcpositiun. 
I n  many cases the female in the caqes has laid two or more hatches cf 
eggs after the death of the rriale. In one cape the pair emerged May 
10, were mated on May 13, the first egg3 laid on June 2, and the male 
died June 7. Aftcr this  date the female laid fifteen batches of  egg^. 
all of which hatched from June 8 to Au,qs t  11. 
Tn table 35 are given the results of daily ob~ervations in  three cvtges 
during the Spring of 191 7. 7t is quite possible that all the periods of . 
copulation were not observed, although daily notes mere made on t5c 
cages. Tt map he snid t h a t  generallp cop~ilation takes place soon after 
the batch of ecg-9 has heen laid and sGm9 time usually elapses betweer; 
copulation and the deposition of the next batch of eggs. 
The process of oviposition has been described in detail by Smith, and 
our observations only verifv his desc~iption. The portion of the plant 
on which the eggs are laid may va,ry, but a protected place is always 
selected. The under aides of the leaves are chosen at all seasons of the 
year. Even in  the late spring when the feeding is confined to the seed 
stalks of the host, the eggs a,re deposited on the more tender leaves of 
the main portion of the plant. 
Age at  Beginning- of Ovipos i t io~~ 
The a.,qe of the females when oviposition is started varies greatly 
with individuals, broocls and seasons. ' 'No -experiments were conducted 
to determine how lonq this could hc made under adverse conditions. In 
n a h ~ r e  all eggs deposited are fertile ; in only 2 single case were infertile 
eggs laid. 
The over-m'nterinq female3 heem oviposition jn 1915 as early as 
March 13, and several blatchee of eggs were found in the garden on 
March 16. From that date the number of egg messes increased rapidly. 
The climatic condition? of this period are shown in table 32. On April 
15, the mustard on which eygs were ver;v abundant was cut. Most of 
the bugs then began feeding upon kale. I n  three clays eggs were abund- 
ant on this host, and two days later the egg nasses were more abundant 
on kale than they were on mustard, when it 7xae cut. 
On the Summer brood of 1915 more detailed notes were made on a 
few females to determine the age of the female when the first eggs were 
depo~ited. The results are shown in the following table: 
Table 36.-Age of female at beginning of egg deposition. 
Cagz. 
1 . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . .  
5 . .  . . . . . . . . . . . . .  

















June 3 . . . . . . . . .  
June 5 . . . . . . . . .  
June 6 . . . . . . . . . .  
June 8 . . . . . . . . . .  
. . . . . . .  June 2 3 . .  
June. 24. . . . . . . . .  
First eggs. 
June 16 . . . . . . . . .  
June 23 . . . . . . . . .  
June 20 . . . . . . . . .  
June 22 . . . . . . . . .  
. . .  . July 20 . .  t . .  
.July 13. . . . . . . . .  
The avekage period for this brood was 17.5 days, with a mean dailv 
temperature of 83.9" P. 
The observations made with the Fall brood of 1915 to ascelbtain the 
age of the female when the first eggs are deposited are given i n  the 
following table : 
. 
Table 37.-Age of female at beginning of egg deposition. 
The average period of this brood was 142 days, with a mean daily 
temperature of 82.9" F. 
'I'he period of the over-mintering brood of 1915-16 as observed in  ' 
cages are shown i n  table 3s. 
Table 38.-Age at beginning of egg deposition. 
Cage. 
8. .  . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . .  
10. .  . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . . .  
13 . . . . . . . . . . . . . . .  
Matured. 
July 27.. . . . . . . .  
Au g. 5 . . . . . . . . .  
Aug. 9 . .  . . . . . . .  
Aug. 9 . . . . . . . . .  
Aug. 10 . . . . . . . . .  
. . . . . . . . .  Aug. 12 
The average period of this brood was 147 rliys, with a' mean daily 
temperature of 60.4" 3'. 
The ob~ervations made on over-wintering brood of 1916-1917 for the 
period of the age of the females when the first eggs were deposited are 










Aug. 6 . .  . . . . . . .  
Aug.24 . . . . . . . . .  
Aug. 24.. . . . . . . .  
. . . . . . . . .  Aug. 24 
Aug. 24 . . . . . . . . .  
. . . . . . . . .  Aug. 27 










5 . . . . . . . . . . . . . . .  
6. . . . . . . . . .  :. ... 
7 . .  . . . . . . . . . . . . .  
8 . .  . . . . . . . . . . . . .  
9 . .  . . . . . . . . . . . . .  








The alrerage period of this brood wa,s 150.2 days, with a mean daily 
temperature of 60.4" F. 
The average period from maturity to oviposition of the brood of 
1915-16 and 1916-17 mas 145.6 days. 
The observations made i n  this period on the Spring brood of 191'7 
are given in the following table: 
\ .4 
Matured. . 
Oct. 10-15 . . . . . .  
Oct. 11-15.. . . . .  
Qct. 13-15.. . . . .  
Oct. 17-16.. . . . .  
Oct. 15-15.. . . . .  










A.. . . . . . . . . . . . . . .  
B.. . . . . . . . . . . . . . .  
C.. . . . . . . . . . . . . . .  
D.. .  . . . . . . . . . . . . .  
E..  . . . . . . . . . . . . . .  
First egg. 
Mar.lO-16 . . . . . .  
Mar. 6-16.. . . . .  
. . . .  Mar. 14-16.. 
Mar. 6-16.. . . . .  
Mar. 10-16.. . . . .  
Mar. 15-16.. . . . .  
Matured. 
! 
Oct. 10-15. . . . . .  
Oct. 15-15.. . . . .  
Oct. 20-15. . . . . .  
Oct. 12-15.. . . . .  
Oct. 17-15.. . . . .  
First 2gg. 
Mar. 11-16.. . . . .  
Mar. 18-16.. . . . .  
Mar. 13-16. . . . . .  
Mar. 10-16.. . . . .  
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Table 40.-Age at beginning of egg deposition. 
, 
The average period of this brood was 14.6 days, with a mean daily 
temperature of 77.5' F. 
The average period between mah~ri ty  of the bugs and egg deposition 
for the broods are as follows : 
Spring ............................. 14% days. 
S ~ m m e r  ............................ 174 days. 
Fdl ............................... 13% days. 
Over-winter ......................... 1482 days. 
I 
Period Between Copulation and Ovip~sition 
First egg. 
. . . . . . . . .  June 1 
. . . . . . . . .  May 31 
. . . . . . . . .  May 30 
May 28 .,....... 






2 1 . . .  . . . . . . . . . . . .  
Usually a period of from two to eight days elapses between copula- 
tion and oviposition. This period varies with the brood, season 3nd 
individual. , Table 35 shows {he results of observations on this period 
of 1917. Usually copulation takes place the day following the deposi- 
tion of a batch of eggs. I n  the early spring copulation has been ob- 
served to take place twice after which a single bca.tch of egg? was de- 
posited, twenty-one days later. Other cases were noted of seventeen 
and thirteen days between copulation and oviposition. 
' Matured. 
. . . . . . . . .  May 11 
. . . . . . . . .  May 14 
......... May 15 
. . . . . . . . .  May 18 
. . . . . . . . .  May 20 
In the spring of 1915 the first eggs of the over-wintering brood were 
found in  the field on March 13. The last of the eggs were deposited 
by this brood May 4. The extreme length of the .period was fifty-two 
da.ys. 
The oviposition period of the Summer brood of 1915 is shovn in the 
















, The longest period of this broocl was 8s days; the shortest was 66 
days, and the average period of this brood was 75.5 days. 
Cage. 
I . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  4 
5 . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . .  
First eggs. 
Tune 16 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Tune 22 
Tune 20 . . . . . . . . . . . . .  
~June 22 . . . . . . . . . . . . .  
. . . . . . . . . . . . .  June 23 
. . . . . . . . . . . . .  July 10 
. . . . . . . . . . . . .  June 16 
June 23 . . . . . . . . . . . . . '  
Last eggs. 
:ept.10 . . . . . . . . . . . . .  
k p t . 1 5  . . . . . . . . . . . . .  
Aug. 23 . . . . . . . . . . . . .  
5cpt. 5 . . . . . . . . . . . . .  
Yept. 1 . . . . . . . . . . . . .  
Fept.15 . . . . . . . . . . . .  
Cept.12 . . . . . . . . . . . . .  
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For the Fall brood of 1915 the oviposition period is shown in the 
folloming table : 
Table 42.-Period of oviposition. Fall brood-1915. 
The longest period for this brood mas 68 days; the shortest was 34 
days. The average period of this brood was 43Q days. 
I n  the over-wintering brood of 1N5-16 the oviposition period started 
in the cages as early as February 2, and the last eggs found in the 
cages were on May 23. I n  the field the first eggs were not talren until 
April 14 on mustard. 
During the fall of 1916 hatching eggs were taken from collards in 
the garden, on October 9, and again on October 23. Hatching eggs 
were taken from the cages on November 25 and 30. 
The period of nvipasition in the Spring brood of 1 9 1 f i s  shown in 
the following table : I 
Table 43.-Period of oviposition. Spring brood-1917. 
Cage. 
9. . .  ................. 






Aug. 6. .  ........... 
Aug. 23.. . . . . . . . . . . .  
Aug. 24.. . . . . . . . . . . .  
Aug. 24. . . . . . . . . . . . .  
. . . . . . . . . . . . .  Aug. 15 
Rug. 20 . . . . . . . . . . . . .  
Last eggs. 
Oct. 12.. . . . . . . . . . . .  
Oct. 3 . .  . . . . . . . . . . .  
Oct. 3. .  . . . . . . . . . . .  
Sept.26 ............. 
kpt .20  ............. 
Sept.30 . . . . . . . . . . . . .  
The longest period of this brood was 88 days and the shortest period 
mas 68 clape. The average length of this period was 80 days. 
The period of oviposition in the Summer brood of 1917 is shown in  








Cage. First eggs. 
............. 
B .................... Mar.13 ............. 
C .................... Mar. 18 ............. 
D ..................... Mar. 15. .  ........... 
E .................... Mar.20 . . . . . . . . . . . . .  




............. June I) 
May 25 ............. 
May 30.. ........... 
. . . . . . . . . . . . .  June 8 
The longest period of this bro'od was 56 days and the shortest period 
was 40 days. The average period of oviposition of this brood was 45 
days. The average period of oviposition of the Summer brood of 1915 









A . . . . . . . . . . . . . . . . . . . .  
B . .  . . . . . . . . . . . . . . . . . .  
C .................... 
D . .  .................. 
E . . . . . . . . . . . . . . . . . . . .  
First eggs. 
May 29 . . . . . . . . . . . . .  
Tune 3.. . . . . . . . . . . .  
May 29 . . . . . . . . . . . . . .  
.Jl~ne 1. .  ........... 
May 31 . . . . . . . . . . . . .  
Last eggs. 
- 
July 8 . . . . . . . . . . . . .  
Tuly 14. .  ........... 
J~rly 14 . . . . . . . . . . . . .  
. . . . . . . . . . .  July 10.. 
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The average period of oviposition of all broods is as follows: 
Spring .............................. 80 days. 
Sumrner ............................. 60+ days. 
................................ Fall 40+ days. 
Rate of Oviposition 
The rate of oviposition of the Summer brood of 1915 is shown in the 
following table : 
Table 45.-Rate of oviposition. Summer brood-1915. 
Cage. I Eggs. 1 Batches. I Period. 
For the Fa11 brood of 1915 the rate of oviposition is shown in the 
following table : 
The ra.te of oviposition in  the Spring brood of 1917 is shown in the 
follomj~lg table : 
Table 46.-Rate of oviposition. Fall brood-1915. 
Table 47.-Rate of oviposition. Spring brood-1927. 
Cage. 
9 . . . . . . . . . . . . . . . . . . . .  
10 . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . . . . . . . .  
For the Summer brood of 1917 the rate of oviposition is shomn in 







A . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . .  
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Generally more time elapses between depositions of egg batches as 
the period of oviposition nears completion. Also the number of eg,ml 
in the batch decreases and irregular masses are more common near the 
end of oviposition period. The statement is usually made that nof- 
mallp the harlequin bug eggs are laid in regular batches of tmeIve 
each, two rows of six each. The detail observation on the egg-laying. 
record of the females of var io~~s  broods are shown in the following 
takles : . 
Table 49.-Egg laying record. Summer brood-1915, 
June 16 . .  ........... 
June 2 0 . .  ............ 
June 2 2 . .  ........... 
June 23. ............ 
June 2 5 . .  ........... 
June 26 ............. 
June 27 ...........,. 
June 28. 
June 30 ............. 
July 1 . . . . . . . . . . . . .  
July 2 . .  . . . . . . . . . . . . . . . . . . .  
JUIY 3 . .  . . . . . . . . . . .  
JUIY 4 . .  ............ 
JUIY 5 
J U ~ Y  6 . .  
July 8 . .  ........... 
JUIY 11 . .  ........... 
JUIY 13 
July 14 ............. 
July 16.. ........... 
July 19 ............. 
July 20 . .  . . . . . . . . . . . . . . . . . . . .  
July 21. . . . . . . . . . . . .  
J U I Y ~ ~  . . . . . . . . . . . . .  
July 2 3 . .  . . . . . . . . . . . . . . . . . . . .  
July 24 . .  . . . . . . . . . . .  
~ u l y 2 6  ............. 
July 2 8 . .  . . . . . . . . . . .  
July 30. . . . . . . . . . . . .  
Aug. 1 ............. 
Aug. 2 . .  . . . . . . . . . . .  
Aug. 3 . . . . . . . . . . . . . . . . . . . . .  
A U ~ .  5 . . . . . . . . . . . . .  
A U ~ .  7 ............. 
Aug. 9 . .  . . . . . . . . . . .  
~ u g .  1 1 . .  ........... 
Aug. 13 . . . . . . . . . . . . . . . . . . . . .  
A U ~ .  15. ............ 
Aug. 20 . .  ........... 
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Table 50.-Egg-laying record. Fall brood-1915. 
Mar. 11.. ............................................... 
Mar. 1.3 ...........................,..................... 
Mar. 17.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mar. 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . .  
Mar.22 ....................,............................ 
Mar. 23.. ............................................... 
Mar.25 ................................................. 




Apr!l I . . . :  ...................................................... 
A~r ! l  2 ........................................................ 
Aprtl 3 . .  ............................................. 
April 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
April 6 ................................................. 
April 7.. ............................................... 
April 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AprjlJl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Apr-11 14.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
April15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aprjl17 ................................................. 
A"" 19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Apr! 120. ................................................. 
April 21.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A11ri 1 23. ................................................ 
April24 ................................................. 
April 27.. ................................................ 
April28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
May 1 ................................................. 
May 6 . .  ........................................................ 
May 11 ........................................ 
$Y 13::::::: ................................................... 
ay 15 ................................................................. 
May 18 .......................... .....,........... 
May 21 ................................................. 
May 22.. ................................................ 
May 23 ..................................................... 
May 2 5 : : : :  ................................................. 
h q a ~  2 6 . .  ................................................ 
h I a y  28.. ............:.................................. 
May 29 ......................................................... 
May 31 ......................................................... 
e 2 ................................................ 
-June 3 . .  ............................................... 
.rune G ................................................. 
.rune 9 ................................................. 
.rune 11.. ............................................... 
June 20.. ............................................... 
Aug. 6 ........................................ 
Aug. 11 ........................................ 
Aug. 13.. ...................................... 
Akg.16 ........................................ 
Aug. 23 ................................................ 
Aug. 24.. ...................................... 
Aug. 26.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aug.30 ...................:............................ 
A U ~ .  31 .......................................; 
sept. 1 ........................................ 
SPPI. 3 ................................................. 
Sept. 4 ................................................. 
Srpt. 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sept. 7.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S e ~ t .  9. ....................................... 
Sept.11 ........................................ 
Sept.13 ........................................ 
Sept. 17.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sept. 19.. . . . . . . . . . . . . . . . . .  , .................. .: 
Sept.21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ e p t .  22 . .  . . . . . . . . . . . . . . . ....................... 
Swt. 2 6 . .  ...................................... 
St..pt. 30.. ...................................... 
O c t .  3 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 
oc t . 12  ................ , ....................... 
Table 51.-Egg-laying record. Spring brood-1917. 
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STUDIES ON THE HARLEQUIN BUG. 51 
Table 52.-Egg-laying record. Summer brood-1917. 
- l A I . R I  
PROTECTION 
Undoubtedly the egg is protected by. its location. Practically al- 
ways the eggs are deposited on the under side of leaves of the host. 
On mustard sometimes the eggs are placed on the seed stem, parallel 
to it. It is quite probable that the glue used in cementing the eggs to 
the host serves as a protection, at  least against severe climatic condi- 
tions. The striking color pattern of the egg is not so noticeable on 
the hosts as may be expected. 
After hatching, the young nymphs feed in groups, usually very close 
to the egg nmss. In this way, the young are not easily distinguished 
from the eggs, as shown in plate 5 (b),  except at the time of the 
' 
moults when the shell of the nymph is quite hard. The feeding of 
the nymphs is nsually on the under side of the leaves in  more or lees 
protected places. If the plant is much disturbed, some of the young 
fall to the ground, the  very young feign death, but - the older nymphs 
seek shelter. It has been said that the gay colored pattern of this in- 
sect serves as a protection in the form of warning. I f  such is the 
case, the bugs must have a disagreeable taste. 
The adults are protected chiefly by their color pattern, which serves 
as a warning to predacious enemies. I n  handling the bugs, they do not 
emit any odor which could be detected. Their shell is very hard and 
this may make them very undesirable as food to pillagers. 
................................................. M a y  27 
M a y  28. ................................................ 
M a y  29.. ............................................... 
................................................ M a y  31. 
June  1. ............................................... 
............................................... J u n e  3.. 
............................................... June  5 .  
J u n e  6 ................................................. 
............................................... June  7.. 
J u n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
June  10 ................................................. 
............................................... J u n e  11..  
................................................. J u n e  13 
................................................. June  15  
................................................. J u n e  17 
............................................................... June  19.. 
J u n e  20 ................................................. 
June  21 ................................................................. 
.............................................,... J u n e  22 
.......:........................................ J u n e  23.. 
J une  24 ................................................. 
................................................. J u n e  25 
......................................................... J u n e  27  
J une  28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
................................................................ June  29..  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J u n e  30 
J u l y  1. ........................................................ 
Ju l y  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JUI, 3 ................................................. 
......................................................... JUIY 4 
J u l y  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
J U ~ V  8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .................................................... Ju ly ' 1 2 :  ::. 
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Entrance 
The time of the entrance into hibernation by the bugs depends en- 
tirely on the temperature. Food is usualljr present i n  abundance over 
most of the State and the bugs continue to feed ~ul t i l  the low tem- 
peratares force them to seek shelter. Until November 8, 1916, the 
bugs were numerous ancl actire on the collards in  the garden. During 
the preceding night the temperature dropped to 51" F., and there was 
.35 of an inch rainfall. On the follow in^ clap, very few bugs could be 
fouzd on the plants in the garden, even though the temperature had 
greatly increased during the afternoon. Examinations showed that 
many bugs mere in bunches of g a s  dose to the collards. It was ap- 
parent that the bug., were slov- to leave this temporary shelter to resume 
their feeding. On the night of the Izth, the temperature was 31" F., 
and 34" F. the following night. On the 14th not a single bug could 
be found on the plants in the garden. Following these temperatures 
there was a week of warm weather but sereral days elapsed before many + 
bugs ventured out to feed again. 
On the morning of November 17, nearly all of the bugs were found 
in the rubbisli aronnd the base of the plants. A fern were on the .;tern 
of the plant very near the ground, although they mere not feeding. 
The air above the ground seemed to be marmer than farther up on the 
plant, which may acco~xnt f0.r tlie fact that a few bugs dicl not seek 
shelter and ncne of these bugs made an effort to escape when picked 
up. On the following day, no bugs were found on the plants, as the 
temperature of the preceding nigllt m7as 36" F. During the zfternoon 
manp bug-e were active on the plants, though many still remained in 
rubbish about the base. The following day mas much warmer and 
many bugs were present on the plants. Some of these were feeding 
and one pair was observed in  copulation. On Yovember 23 a few bugs 
were obeerved on the sunny side of the plants. They were inactive 
and were not feeding. The following day was slightly cooler and no 
bugs were found on the plants, but were in the rubbish at the bottom. 
The following night tie temperature was 35" E. and the next morning 
no bugs vere on the plants. Many were found on bunches of grass 
adjoining the garden. It was not possible at  any time to find in shelter 
close to the garden as manp bugs as it was possib(1e to find on the plmts 
during the warm period. The additional bugs might have sought more 
permanent shelter in  the adjoining woods, shown in plate 5. The en- 
tr,anee irito hibernation should he considered gradual. 
Sturges Entefing 
Only adult bugs enter hibernation. The nymphs may survive late in  
the fall, a,s long as they can withstand temperatures in tempoi*ary pro- 
tection in the field, but they cannot l e a ~ e  the field for permanent hiber- 
nation quarters. On November 16, nymphs of the laet instar were 
taken on plants in  the garden. They did not mature before cold 
weather killecl them. -4t this time, the bugs on f J ~ e  collarcls were about 
equal in numbers of males ~nrl  females. A veek later, however, only 
fen!ales were observed on the plants. They were inactive and mere 'not 
, . feeding. 
~on~reg f l t i on  Ref ore Hihernatiorl 
During the late fall the bugs seemed to congregate on the host 
plant9 before going into hibernation. The approach of cold weather 
forces the b ~ ~ g s  to s ~ e k  feedine which is close to permanent shelter. 
During the n7axmer part of the davs. the bugs are very active, many 
are in the air, those on the plants take flight when disturbed and any 
that fall to the ground immediately attempt to escape. Much time is 
spent in feeding. 
Blortnlity 
There is some mortality among the bugs a t  the time of entering 
hibernation. The great majority of' the bugs that die at  this time are 
nndoubtedlv the very old adults of. the summer generation. Their 
vitality is low and the cold nights are enongh to cause death. Sudden 
cold spells map lrill 3 n~imber of over-wintering bugs before actual 
hibernation tplres place. However, the hugs seem to be able to fore- 
tell what temperatures are probable and ~ e e k  shelter if necessary. 
I Duration 
At this latitude there is not a true hibernation, for if the weather is 
sufficiently nTarrn at any time during the minter the bugs mill leave 
hibernation. The last week of November, 1916, was warm after the 
~ L I ~ S  had left the fields. During this time a few bugs returned to the 
planis although they did not feed, but the great majority remained in 
hibernation. The maximum temperature for this period was 81" I?., 
the minimum ternperfiture for this period nras 52" P., and the mean 
daily temperature nras 65" F. The first week of December was warmer, 
the maximu& was 80" F., t h e  minimum was 50" F., and the mean 
daily temperature was YO0 F. Nore bugs vere present on the plants 
and were feeding. At  such a time the bugs leave tile plants every night 
for temporary shelter. Tlie three weeks of December mere cold, and 
no bugs were found on the plants in the garden. During this period 
the maximum temperature was 82" F., the minimum was 20" P., and 
the daily mean temperature 50' I?. After the first week of this period 
no bugs were found in the temporary shelter close: to the plants. The 
bugs were again active during the first four days of January, 1917, 
with a dailp mean temperature of 72" 3'. On the .following night a 
frost occnrrecl and the hugs mere not seen on the plants when the mem 
daily temperature was 57" F. or above. Below this temperature the 
hugs remained in their shelter. The last three days in  January were 
warnl, a mean dailp temperature of 67" F., ancl the bugs were quite 
active .on the plants, though feeding very little. No bugs were noticed 
on February 3, with a. menn daily temperature of 54" 3'. The mean 
daily temperature ranged from 60" F. to 69" F., and the bugs were 
quite numerous in the garden. very often feeding. 
Favorable shelter conditions are absolutely necessary to the success- 
ful hibernation of the harlequin bug. If good shelter is close to good 
feeding, the chances of successful hibernatiozl are n~uch  increased. I n  
this locality, the bngs usually leilve their hibernating quarters and feed 
during the warm neriods througl~out the winter, especially when food 
is near. The garden was bounded bv a few rows of Sudan Fass  and 
only a short distance away, perhaps 150 feet, vas a wooded ravine, 
shown in plate 5. The Sudan p a s s  served as an excellent temporary 
shelter. During the early fall when the cold spells prevailed the hugs 
were found i11 numbers i n  clumps of the grass. I n  a few cases, as 
many as twelve bugs were countecl from one small clump. The bugs 
did not mercly c~nawl down into the crown of the grass, but were found 
in among the roots. Any plant rubbish, such as fallen leaves, about 
the base of the plants serves as a temporary shelter and in the southern 
part of the State is sufficient protection for the insect throughout the 
entire winter months. 
In this localitv, even with a. minimum temperature of 28" F., in the 
early fall the bugs mill only seek temporaq shelter. No mortality was 
observed under these conditions. As the season advances the low tem- 
peratures may occur, and each night fewer bugs are found in the tem- 
porary shelter in .and close to the field. On December 9, 1916, the 
bugs mere to he found i n  considerable numbers in the clumps of grass 
m d  they were rather active when disturbed. A few days later, after 
a few nights of frost, only a fern bugs could be, found in  the grass and 
a meek later uo bugs were present. During the winter after the warm 
spells the bugs could be found in temporaq shelter fer a day or two 
after low temperatures again prevailed. I n  one instance, on Decem- 
ber 17, 3 916, twenty bugs were found under some oak leaves that had 
accumulated in front of a fence post. I n  late winter bugs were taken 
from temporary shelter in the collard patch where they apparently had 
survived during the winter. 
One esperirnent was cond~xcted to show the importance of shelter 
and feed to the successful hibernation of the harlequin bug. On No- 
vember 10, 1916, a warm day when the bugs were active, five males and 
five females were pla8ced in a caqe without any food or shelter. Three 
days later, after a cold night, three females were found dead. The fol- 
lowing day, after a night of 30" I?., one male was dead; the remaining 
insects were on the side of the cage. On December 6, the remainder 
of the bugs in the cage were dead. The same number of bugs were 
placed in  a cage wit11 plenty of food and ~helter. During the cold 
periods no bugs were seen on the side of the cage, as were bugs without 
shelter. During the warm weather the bugs were always feeding. All 
of these survived the winter. 
The matter of shelter depends on the locality of the State. Through- 
out the southern section the bngs seldom seek shelter during the vin- 
ter. Further north temporary shelter is always sought and pemanent. 
shelter is used hut for a short time. Throughout the northern section 
the hug3 leave the fields and seek protection in timber, buildings and 
trash. 
In this l'ocality there is  a considerable mortality in over-wintering 
inclividuals of the harleqnin hug. On January 20, 1917, further field 
examination showed 25 per cent. mortality. On March 3, 1915, ex- 
amination in outdoor cages showed 334 per cent. mortality. Another 
examination of the outdoor cages on March 16, 1915, revealed 16% per 
cent. mortality. 
Table 53.-Mortality o f  the harlequin bug in outdoor cages. 
Cage no.. . . No. 1 No. 6 No. 7 No. 9 No. 11 No. 12 No. 13 NO. 15 No. 17 No. 22 Total. 
-----------
No.incage 150 150 150 100'  150 100 100 150 100 100 
--------- --.-, 
Nov. 17-15 5 20 5 0 6 5 5 . 2 0  3 13 82  
Dec.1-15 24 6 9 2 12 2 0 4 3 0 62 
Dec. 20-15 4 3 4 0 .... 0 0  ...... 0 .... 
Dec. 4-15 1 1 3 0 . ~ 0 0 4 0 . 6 ~ ~  
Dec. 31-15 2 3 3 0 0 1 0 1 0  10 
.Jan. 7-16 4 0 2 1 4 3 1 0  
Feb. 11-16 
Feb. 21-16 
7 6 3 1 0 4  1 1 7  
0 0 2 1 0 0 0 0 0 0 ~ 3  
Mar. 13-16 0 0 0 3 1 7 . 0  0 0 0 0 2 0  
-----------
Total died.. 47 39 31 17 47 12 7 36 15 264 
Percent 
dicd. . . . . .31 2 2 1  7 3 1 2  -07 2 4  . I 5  .:: 2 1  1 1 
In table 53 is given the mortality record of our outdoor cages for 
the minter of 1916-17. The maximum mortality was 31 per cent.; the 
minimum was 71.2 per cent., ancl the average mortaiity was 22 per cent. 
It mill be seen that a very heavy mortality occurs in  late fall and early 
winter and again in late winter or early spring, the time when sudden 
cold spells occur. 
Enz ergenve 
The time of emergence from hibernation of the harlequin bug in this 
locality is hard to determine hecause of the intermittent winter feed- 
ing. Many of the bugs do not tr.ul;v hibernate in this latitude. On 
March 1, 1916, many bugs mere found on the outside of the outdoor 
cages, apparently seeking the food on the inside. These bugs appar- 
ently had corne from an ad-joining woods. A week later hundreds of 
buys mere congregated around the outdoor cages. 
-4 collection was made of 100 bugs, fortj7 of which were males and 
sixt~ of which were females. 
In the afternoon of the followillg day, an isolated collard patch 
vhich was surro~~ncled by woods was visited. Here it was found that 
the hugs mere coming from the roods on the north against a fifteen- 
mile-per-hour wind. The hugs could he seen in the air as far as 115 
yards: flying to a height of about ten feet, although some were flying 
as lorn as five feet. The woods to the north was 200 yards away. An 
inqpection of the border of the woods did not reveal the presence of a 
q i n ~ l e  bug. It was then evident that the billg;~ were coming from 
farther in the woods and examinations vere made which revealed hugs 
; in the cracks of the bark on the trunk8 of the larger trees. These hugs 
took flight upon the least disturbance. A collection of '700 hugs was 
. made in the garden, 305 of which were males ancl 395 of- which were 
females. The nest day the same collarcl patch was visited. ?'his time 
the wind was from the north and i t  was, cooler. No bugs were in the 
air and t1.1ose on the plants n-ere much less active. 
I n  the spring of 1917 the buys left hibernation much earlier thao 
in 1915. On Peblwary 21, 1917, the bugs were rery abundant in the 
. galwden, very active, .and flving if slightly disturbed. All of the hugs 
were feeding an6 some were cop~~lating. 
T\%cre~er hibernation takes p l ~ c e  in the %Th.? the emergence occurs 
from Febr:iarv 15 in the south to April 15 in the extreme northern 
part of the State. 
Rehibern,nZion 
After the bugs have left their nermanent winter quarters they are 
often forced to seek temporary shelter c111ri:lg the sudden cold spells in 
the early spring. On March 7, 1915, m'ost of the bugs were found in 
the rubbish close to the plants. The clay mas cool and clear with a 
hard north wind blowing. Following this, the bugs were active for a 
week, when they were again forced to seek temporary shelter. They 
were inactive for several days while the cold meather persisted. As late 
as March 30, 1915, the bugs were founcl in temporary shelter during a 
cold spell when the temperature went as lo~v as 45" F. 
The hibernation pcriod of the 191Fi brood was from December 1, 
1916, to February 21, 1917. 
First Food 
The first i'ood of the harlequin bug is very largely a matter of avail- 
able host plants. I n  this locality where two or three host plants are 
present, there is apparently some choice. Mustard is preferred in  the 
spring, although other host plants may be present in the same garden. 
Radishes are often attaclced earh  in the spring. If  mustard is not avail- 
able, turnips seem to be the next choice. I n  many other localities, 
cahlsage is attaclcec! early in the spring, as it is the only available host. 
The indiviclual~ of the over-wintering brood usually mature from 
September 1 to October 1 and live until April 10 to 20 of the follow- 
ing spring. The bagc: are very active in the field for s period before 
oviposition, vhich time is spect in Feeding. 
NATURAL CONTROL 
Climate is a natural control measure of much importance with the 
harlequin bug. The extreme heat prevalent through the summer serves 
as a conaTderable check on this pest. The eggs are always deposited on 
the under sides of the leaves ~t this season. Rp experiments conducted 
. during July, 1915, i t  was found that an exposure of the eggs to the 
direct rays of the sun for a period of ten iniautes would kill them. 
The results of these evperiments are pivbn in table 54. 
I 
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Table 54.-Effect of heat on the eggs of the harlequin bug. 
Heat, deqrees F. 
104 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
116 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
116 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
116 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118. .  
120 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The effect of cold on the adults has dready been mentioned under 
thc mortality of hibernated individuals. The nymphs are not able to 
survive much cold. In the second instar the temperature of 40" 3'. i~ 
fatal. ?'he n~linphs of the fourtli jnstar do not succumb until a tem- 
perature of 32" F. is reached. 
Excessive rains kill both nymphs and aclults. On April 23, 1915, 
a rainfall mas 2.95 inches; on April 24, 1 inch; on April 25, .47 inch; 
and on April 26, -08 inch. The total rainfall of four days mas 4.5 
inches. After the rain, many dead adult bugs were found. These were 
foiind mostly on the ground, but some were in the axils of the leaves. 
On necernber 8: 1915, many nyrnphs in several outdoor cages were 
drowned, although the adults survived this storm, when 2.45 inches of 
rah fell. 
PARASITES 
No evidence of a parasite of any of the stages of the harlequin bug 
has been foulzd during the observations of over three years in this .lo- 
cality. I n  1892 Morgan fonnd a parasite of the egg of the harlequin 
bug to be very common in Louisiana and Mississippi, and' this was de- 
termined as Trissoleus murgantiae Ashm. Attempts were made to es- 
tabli~h this parasite in other States, but apparently without avail. Mor- 
gan also records the parasite, T. podisi, reared from the eggs of the 
hadeqnin bug. 
ENEMIES 
Jn June, 1916, several of the rearing cages were visited by the fire 
ant. Bol~nopsis  geminLrta Fab. The freshly emerged nymphs were car- 
ried off by the ants bat no other stage was molested. This is the only 
case of predacious enemies observed in our work. Lintner reco~lds 
Leptog7os.c~rs ~h,yclopu,(; Linn destroyinq the adult harlequin bug. Poul- 




It is often a simple matter to de s t ro~  large numbers of bugs during 
the fall. At this tine, they are conyregating about the remain9 of 
crops and  meed^, feeding some 2nd prepar in~  to go into hibernation. 
-4t such times the bugs map be killed bv hand piclring, -spraying or 
burning. Trap shelters are not satisfactorilv efficient. Their use re- 
qvirw peculigr attention such as would seldom be given under field 















alb'le in the field. During the .morning the bugs can be collected fron 
such places in very large nambers. The same conditions exist in thc 
early spring vhen the bugs are forced to seek protection every night 
All bugs killed dnring the fall will mean that many less to fight tht 
next spring when they will be scattered over the plants. The work pui 
in a t  this time will prove to he an essential part in the fighs againsl 
this pest. 
WINTER TREATMENT 
-4s the bugs hibernate mostlv in the fields where they feed, especiallj 
d ~ u i n g  the fall, it is ap~a ren t  hat all the excess plant growth in and 
a-round the field should be destroyed. The remains of the last cror 
should he dispo~ed of by plowing under or burning. When ~ u c h  ma. 
terial is destro~~erl the hibernating quarters of the bugs are gone. With 
such treatment the chance3 a.re much less For the insect to survive thc 
winter. The weeds and trash around and clo~e to the fields should bc 
disposed of in some manner. Rank weeds should not be allowed t c  
grow dnring the late fall, since they serve as protection to the bugs. 
SPRING TREATMENT 
It is very impovtant in the fight ngainst this pest to destroy tho bug? 
early in the spring as they are leaving the hibernating quarters. T h i ~  
should not be delayed until egg 1ayin.q has commenced. Several days 
elapse between the time the bugs come out in  the spring and the be- 
ginning of egg laying. 
CLEAN CULT'CTRE 
There are several common weeds on which this insect breeds during 
the earlv spring. They are named under the food plants. Such weeds 
should he kept down at a11 times, not only in the fields to be planted 
to cabbaqe> b ~ t  in adjoining fields and speciallv waste places. Weeds 
of any ldnd should not be tolerated at anv time upon anv farm, as tbey 
serve in one way or another to lreep up the supply of insect pests. 
TRAP CROPS 
Trap crops are those planted at  wch a time that they will prove 
attractive to a pest before 3nd after the main crop: If well handled, 
a trap crop may be a very big factor in the control of the insect; if not 
properly hanclled, it  ~iniplv serves 'as an aid to the pest. Mustard is 
perhaps the best trap crop to n ~ e  for the harlequin cabbage bug, though 
turnip, Irale, or c3bbage map be used. T h e ~ e  crops should be planted at 
such n t i n e  that thev will be sttractive to the insects during the spring, 
from the time the burs leave their hibernating quarters until the egg lav- 
ing period is.over. When the burs become very ~bundant  on the trap crop 
they should he destroyed either hv sprayinq with pure kerosene, burn- 
inp; or destr~vinp the trap crop. Durinq the fall the trap crop mav be 
used to a decided advnntaqe. T t  should be planted so as to be attrac- 
tive to the ineerts after the main crop has been harvested before the 
bugs seek hibernating quarters. The harlequin bog is not attracted to 
sweetened mixtures an11 the use of such  compound^ with poison is of 
no practical value whatever. The same may be said of the trap lights. 
Records of insects caught nouncl trap lights do not show the preser 




If the preventive measures have been carefullv followed, the nltmber 
of ~ U P R  that will appear during. the summer has been materially re- 
duced. Rut in spite of some precaptions some bugs will be present to 
do injury to the crops. When,the bugs first appear on cabbage, hand 
picking is per hap^ the most satisfactory means of fighting the pea+ 
Here asgain, the habit of the in~ec t  of not flying readily, is decidei 
in favor of those attempting to clean their fields by such a methc 
Reinfestation is not lilrelp to occur. This procew may appear to be F 
pensive and tedious? bnt by tlloee who ha* uses it it is considered 
sa t i s fac to~~ step in the fight against the pest. 
The spraying is not entirely ~atisfactoly*for the control of this in- 
sect. Any material now known to kill the bugs will also kill the plants 
upon which they are feeding. Kerosene is most used for spraying 
against the bugs. It is very effective when sprayed undiluted but 
course kills the plants. The best time to use this material is in  t 
destruction of the insects on a trap crop and upon crop remnan 
Kerosene emulsion of 15 per cent. strength may be used to kill t - -  
young or immature bugs; 
I;. B. Smith reports 65 to 75 per cent. mortality of the nymphs and 
45 to 50 per cent. of the adults with the following mixtures: 
Nicotine sulphate, 40 per cent. . .  : ...... 64 ozs. 
Fish oil soap. ....................... 8 Ibs. 
Water .............................. 50 gallonsl. 
In  order to obtain good res~zlts, this material must be applied und 
a pressure of from 175 to 200 pounds. 
The harlequin bug feeds bv surkinq the juices of the plant, and ca 
not be controllecl by the use of arsenical sprays, such as Paris gree 
London purple, and zrsenate of lead. Contact sprays must be use 
which means that if a bug is not hit with some of the material it 
in no may injured by the application. Somc perscns have found tl 
pIumber's torch to be very effectice in the destn~ction of these bugs 
upon trap crops and trap remnants. Under 'these ccnditions such 
treatment may be advisable, but the m e  of the torch is somewhat 
limited. 
The harlequin bug is found over the entire State of Texas. T t  is 
injurious to many garden 2nd truck crops, including cabbage, cauli- 
flower, collard, mustard and turnip. 
The egg stage of the Spring brood was found to be 11.2 days, of 
the Summer hrood 5.2 davs, of the Fall h~'o3d 1.01 days. The period 
of maturity of the Spring brood was 46.3 days, of the Summer brood 
30.9 days, of the Fall brood 35.6 days. The length of the aclult life 
of the Spring brood vas 91.5 days, of the Summer brood 8'1.7 days, 
and of the over-minterinc brood 171.0 davs. 
At College Staticn there are three complete generations of the har- 
lequin bug in  a pear, with a partiaf fourth brood. There was an aver- 
age mortality of hibernating bugs at College Station of 22 per cent. 
There mere no parasites or predacious enemies observed tliat are of 
economic importance. Artificial control must he usecl against this pest. 
Such measures ae fall destruction, winter treatment, spring destruc- 
tion and clean culture must be used. Remecljal ineas-r~res consist of 
hand picking, and spraying. 
(1) 1835. Hahn, Wanzenartigen Insecten, 11, p. l i 6 ,  fig. 193. 
Ori,yinal description with flistr.ihution. 
(2) I .  Dallas, List of Remiptera, I, p. 263, records this speciee 
from the British Museum. 
(3)  1866. Waish, Benj. J. The Texas Cabbage Bug. Practical 
Entomologist, August. 27, 1866, gives account of Dr. Lincecum; first 
record of occnrrence in United Stntes. 
(4) 1870. Riley, C. V. The Harlequin Cabbage Bug. The Amer- 
ican Entomologist, January, 1870, records the presence from North 
Carolina. 
(5) 1870. Stelle, J. P. Southern Notes. The American Ento- 
mologist, March, 1870, p. 154, records the presence in Georgia, Ala- 
bama and 34iqsis3ippi. 
(6) 1870. Stelle, J. P. Southern Notes. The American Ento- 
rnr>lo,gist, Ma~ech, 1870, de~crihes ~preart through Alabama. 
( 7 )  1871. Stal, C. Ennmeratio Hemipterorum, 11, p. 37. Speci- 
mens from Mexico in Rtoclrholm I\'lugenm. 
(8) 1872.  rile;^, C. V. The Harlequin Cabbage Bug, Fourth Re- 
port S t ~ t e  Entomologi~t, p. 35, records presence in Kansas and Mis- 
souri ; general review of lite~ature. 
(9 )  1875. Uhler, P. H. Geological' Survey of Territories, p. 396, 
records presence in Colorado. 
(10) 1850. Godman c!! Saluin. Riologia Centralia-Americana. 
Rliynchota I, p. 71. Complete account. 
. I )  1882. Lintner, J. A .  Injurious Hemipterous Insects. First '  
Report Injurious Tn~ects, New Yorlc: p. 264. Complete account. 
(12) 1899. Webster, F. 14.  In~ec ts  of the year in Ohio. Bur. 
Ent. Bnl. 20, 11.s.: p. 71. Effect of low temperatures on distribution. 
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(13) '1901. Webster, 3'. M. Tnsecte of the year in  Ohio. Bur. 
Znt. Bul. 31, n.s., p. 87. Present again in Ohio. 
(14) 1908. Sanderson, E. D. The Influence of Minimum Tem- 
~eratures on I~imitin~g the Northern Dis'tribution of Insects. Jr. Eco. 
3nt. I, 4, p. 24-5. The species so restricted. 
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